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AHSB(S) HANDBOOK 5 

PREFACE 

The literature of critical size measurements is extensive and can be con- 
fwina, the same measurement may be reported in a number of places and there 
rnq sometimes be variation in detail in the different accounts. Access to 
papers and reports can also be difficult and will depend on the library 
facilities available. To establish what measurements have been made in a 
particular area of interest, and to find detailed and authoritative accounts 
of the measurements can, therefore, be a time-consuming exercise. Nevertheless 
this material is the basic data of criticality and the criticality specialist 
must have recourse to it from time to time. For instance, he may need to check 
a calculational method and any associated nuclear data against reference experi- 
ments or a particular criticality clearance may depend on a detailed comparison 
of parameters. 

It was felt, therefore, that a need existed for a compilation of data in 
relatively detailed form reference to which could take the place, at least in 
the first instance, of reference to the original literature. It is hoped that 
the present handbook which is to be published in three parts, goes at least some 
way to meeting this need. 

In compiling the handbook reference has been made, wherever possible, to the 
primary account of the critical measurements reported and assemblies are des- 
cribed in as close approximation as possible to the actual assemblies on which 
measurements were made, (thus, subsequent shape changes, homogenisation etc., 
have been ignored). This is not to say however, that later accounts of an 
experiment have not sometimes provided useful additional information. Many 
excellent review articles and handbooks already exist in the criticality field, 
providing generalised guidance and data correlations for more or less simpli- 
fied systems. It is in no way the aim of this handbook to replace these: rather 
it is to supplement them for the criticality specialist by collecting and 
assimilating into tabular form, convenient for quick reference, the detailed 
results on which they are founded and on which similar correlations can be 
based in the future. 

It is intended that the handbook should include only data for systems which 
are relatively ’ clean’ and where it is clear that the measurements were suf- 
ficiently painstaking and the system was carried close enough to critical for 
the result to be accurate. With this proviso it is believed that the handbook 
is reasonably comprehensive so far as material generally available up to about 
the beginning of the 1964 Geneva Conference is concerned. 

Perhaps the most difficult problem in compiling the handbook has been the 
allocation of the data into tables, determining the length and complexity of 
the tables. Generally the allocations have been made as a compromise between 
a desire to associate results for comparable and related systems and the need 
to avoid tables which are so complex as to be difficult to read. 
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INTRODUCTION TO THE TABLES 
\ 

The Skeleton contents page given at the front of the handbook is SUpplemented 
at the beginning of each chapter by a separate contents page showing the 
organisation of the chapter and listing the tables the chapter contains. 
Tables are identified by a title and additionally by a two part number of which 
the first part denotes the chapter in which the table appears and the second 
part the position of the table in the chapter. Also, as a further aid to 
rapid reference, each page of the tables carries a ‘page-title’ in the top left 
hand corner bri 
part-chapter re 

efly summarising the type of 
fers, (i.e., the degree of het 

system 
erogene 

to wh 
ity - 

ich tha 
single 

t chapter or 
units, inter- 

acting arrays or latticed systems; the nature of the fissile nuclide; the 
nature of any moderating nuclide; and, in the case of U235 systems, whether 
the uranium is of high (> 90%) or lower enrichment). 
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To facilitate easy understanding of the tables a standard form of table 
layout has been adopted, so far as possible, and an attempt has been made to 
ensure that each Table is self-contained. As exceptions to these rules 
information common to all (or nearly all) of the entries in a table is usually 
brought to the head of the table in note form, thus reducing the complexity of 
the Table layout, and material compositions and densities are omitted where 
the materials concerned are commonly-occurring and feature in a large number 
of Tables. The following compositions in densities may be used for these 
commonly-occurring materials: . 

, Type 304 Stainless Steel - 

(American Iron and Steel T’nstitute Designation) ; 18~o-20°0 wt% Cr, 
8°O-12e0 wt% Ni, 2.0 wt% (max) Mn, 1.0 wt% (max) si; density 
7e9 gm/cc 

Type 347 Stainless Steel - 

(American Iron and Steel Institute Designation); 17~0-19~0 wt$ Cr, 
9°O-13*0 wt% Ni, 2.0 w-t% (max) Mn, 1.0 wt% max Si; density 
7a93 g&c 

i : 
I Type 2s Aluminium - 

(US Aluminium Assoc. Designation, now renamed Type 1100); 
99.0 jL aluminium (min.) 

Type 3s Aluminium - 

(US Aluminium Assoc. Designation, now renamed Type 3003); . L b 1.2 wts Mn 

Z irca loy - 

(Westinghouse Designation); zirconium with la20-1.70 % Sn; 
density 637 gm/cc 

B 6 Lucite, Plexiglas or Perspex - 

Polymethyl methacrylate plastics, atomic composition C5H802, 
. density 148 gm/cc 

( 1 iv 



Polyethylene - 

Atomic, composition CH2, density @a92 gm/cc 

Parai‘fin &ax - 

Atomic composition CH2, density approx. 0.9 gm/cc 

Boric acid - 

.At,omic composition H3BC3 

Lnly numericai values actually provided bv the authors of a measurement 
have been entered :in the standard ‘form of Table and, in consequence, there are 
omissions in certain Tables. These can ?jsually be filled, by interpolation in 
surrounding data. For instance, aqueous solutions of uranium are sometimes 
Tharacterised only by the H/U atomic ratio. The specific gravity, uranium 
content, etc., can, however, be derived by comparison with similar sol&ions 
l_rsed in other experiments. 

information which has been generally excluded from the Tables includes: 

( 1 d temperature of the assembly, provided this is near ambient 

(b) detailed isotopic analysis of fissile materials 

(c) detailed analysis of materials of construction, etc., for trace 
impurities except where significant quantities of neutron poisons 
are found. 

Notes appended to the Tables have been phrased so far as possible ‘in the 
words of the authors of the measurements referred to. Generally the notes con- 
tain information which may be thought: 

(a) to extend the usefulness of the measurements (e.g., a number of 
subcriticaL observations are included under this heading), or 

(b) to bear on the validity of the results (e.g., where available, the 
values of corrections f-or unavoidable experimental perturbations 
from ideal conditions, such as incidental neutron reflection from 
room walls are given). 

Where corrections for experimental conditions are not given it may be 
assumed that suitable corrections have already been applied to the quoted 
result. If this is not the case, or is believed not to be the case, appropriate 
comment, is made. 

The followinq terminology and abbreviations are wed: 

Water - unless qualified this refers to ordinary light water 

Mixture - unless qualified this means a mixture which is effectively 
homogeneous 

O.D. - outer diameter 

I .D. inner diameter. 



Vfhere the information required to fill a space in a 
this is indicated by placing a dash - in the space. 

table is not available 

(Note: as will be clear from an examination of the Tables an empty space in 
a Table implies repetition of the data for the preceeding entry in 
the Table. This is a device sometimes used to improve the legibility 
of the sentence). 
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CHAPTER 5 - CONTENTS 

Paqe 

EXPERIMENTAL RESULTS FOR HIGHLY ENRICHED SYSTEMS 
(See also Table 5.48) 

Spherical Cores 

Aqueous Solutions 

5 1 0 Unreflected Spheres of Aqueous U02F2 

5 2 0 Unreflected Spheres of Aqueous UO;r(N0,)2 
(Includes systems with added boron) 

5 3 0 Water Reflected Spheres of Aqueous UO2F2 
(Includes systems at elevated Temperatures) 

54 0 UH,/Polythylene Mixture 

Cylindrical Cores 

Aqueous Solutions 

5 5 l Unreflected Cylinders of Aqueous UO2F2 in 
Aluminium Containers 

56 0 Unreflected Cylinders of Aqueous U02F2 in 
Stainless Steel Containers 

57 0 Unreflected Cylinders of Aqueous U02(NO3)2 
in Aluminium Containers (Includes systems 
with added phosphorous) 

58 l Unreflected Cylinders of Aqueous U02(N0,)2 
in Stainless Steel Containers 

59 l Cylinders of Aqueous UO2F2 in Aluminium 
Containers with Full Water Reflector 

5.10 Cylinders of Aqueous UO2F2 in Stainless Steel 
Containers with Full Water Reflector 

5.11 Cylinders of Aqueous U02(N03)n with Full Water 
Reflector (Includes systems with added 
phosphorous) 

5.X Cylinders of Aqueous UO2F2 with Partial Water 
ww Reflector 
(c)W) 

99 

100 

101 

102 

103 

105 

107 

108 

109 

111 

113 

11~418 

92 



5.13 Cylinders of Aqueous UOz(N03)2 with Partial 
b)(b) Water and/or Lucite Reflector 
(c)(d) 

5.14 Cadmium Clad Cylinders of Aqueous U02F2 with 
Water Reflector - 

5.15 Cylinders of Aqueous U02S04 with Beryllium 
Oxide/Graphite Reflector 

5.16 Cylinders of UO3 dissolved in Aqueous Phosphoric 
Acid with Iron Reflector 

5.17 Cylinders of Aqueous U02(NO3)2 with Stainless 
Steel Reflector 

5.18 Cylinders of Aqueous U02(N03)2 with Stainless 
Steel/Water Reflector 

5.19 Cylinders bf Aqueous U02(N0,)2 with Miscellaneous 
(a)(b) Reflectors 
(cm) 

5.20 Cylind r e s of UOz(N03)2 Solution in Tributyl 
Phosphate diluted with Kerosene 

5.21 Cylinders of Uranium Metal Diluted with 
Polyethylene 

Rectangular Parallelepiped Cores 

Aqueous SolutiiJns 

5.22 Unrsf 1 ected Parllelepipeds of Aqueous UO;rF2 

5.23 Parallelepipeds of Aqueous UOzF2 with Water 
Reflector 

5.24 Parallelepipeds of Aqueous UOzF2 with 
(a)(b) Miscellaneous Reflectors 
w(d) 

Paqe 

ll+l22 

123 

125 

126 

127 

i 28-l 31 

132 

133 

134 

135 

136-1~8 



Paqe 

Uranium Meta 1 Diluted with Lucite 

5.25 Unref 1 ected Parallelepipeds 

5.26 Parallelepipeds with Full Lucite Reflector 

5.27 Parall 1 e epipeds with Partial Lucite Reflector 

Uranium Metal Diluted with Lucite and Graphite 

5.28 Unref 1 ected Prallelepipeds 

5.29 Prall 1 e epipeds with Full Lucite Reflector 

5.30 Parallelepipeds with Partial Lucite Reflector 

Cylindrical Annular Cores o-f Aqueous UO2F2 Solution 

5.31 Annuli with Void, Unpoisoned Central Cavity 

5.32 Annuli with Void Central Cavity Lined with 
Cadmium 

5.33 Annuli with Water Filled, Unpoisoned Central 
Cavity 

5.34 Annuli with Water Filled Central Cavity Lined 
with Cadmium 

EXPERIMENTAL RESULTS FOR LOW AND INTERMEDIATE ENRICHED SYSTEMS 

5.35 ~06 wt% Enriched UOzF2 Aqueous Solutions 
- 30.45 wt% Enriched UOzF2 Aqueous Solutions 

5.36 Spherical Cores 

5.37 Cylindrical Cores 

5.38 Rectilinear Parallelepipeds Cores 
(Includes camium shielded systems) 

30.4 wt$ Enriched UOz/Paraffin Wax Mixtures 

5.39 Single Material Qeflectors 
(Includes Cadmium Shielded Systems) 

139 

14 

141 

162 

143 

144 

145 

146 

147 

150 
151 

154 

156 



5.40 ?nmposite Reflectors 
(Includes Cadmium Shielded Systems) 

5.41 14.67 wts Enriched U&SO4 Aqueous Solutions 

5.42 4.89 wt% Enriched UOzF2 Aqueous Solutions 
240 wt$ Enriched UFb/Paraffin Wax Mixtures 

5.43 Cylindrical Cores 160 

5.44 Rectilinear Parallelepiped Cores 
1.42 atomic 5 Enriched UFb/Paraffin Wax Mixtures 

5.45 Cylindrical Cores 163 

5.46 Rectilinear Parallelepipeds Cores, with 
Single Material Reflectors 

5.47 Rectilinear Parallelepipeds Cores with 
Composite Reflectors 
(Includes Cadmium Shielded Systems) 

EXPERIMENTS FOR SYSTEMS WITH HETEROGENEOUS POISONING 

5.48 Aqueous of Solutions of UOz(N03)2 Poisoned with 
Borosilicate Glass 

Paqe 

157 
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159 

164 

165 

166 

95 
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EXPERIMENTAL RESULTS FOR 

SPHERE- 
WALL 

THICKNESS 

0.127 cm a -90 
1 8 in 92@2 

1 l  z in 

0.2 cm b 

92.2 

93*2 

0~32 cm b 93.2 

a Type JS Aluminium: 
b Type 2s Aluminium. 

URANIUM 
E:JRICHMENT 

(WG) 

SINGLE U2= CORES MODERATED BY HYDRaGEN - HIGH ENRICHMENTS 

Table 5.1 

Unreflected Spheres of Aqueous U02F2 Solution 

SPECIFK 
GRAVITY 

OF 
S0LUTION 

. 
- 

- 

- 

1 l 03 

1.02 

Spheres : Aluminium 

SOLUTI0N 
CONCENTRATION 

(gm U235/litre) 

12545 

70.3 

a*7 

203.5 32.0 cm 17@020 24 288 

- 13f ins 220 25 ia56 

- 16 ins 34*95 14-2 

1112 5+8 cm 914 2a13 

1393 63.2 cm 174 3@25 

DELAYED CRITICAL PARAMETERS 

Diameter Volume 
(likes) 

wlution feed and drain lines connected at top and bottom. 

u235 

Mass 
(kgm) 

REFEREKE 

1' 37 9 

3 

3 

a37 

2,37 



EXPERIMENTAL RESULTS mR U"' OORES YOOERATFD BY HYDROGEN - HIGH P(RIC)#MTS 

JlabAo 5.2 

Unrofhctocl SHwo8 of Aawow Nh t&h Solution 
(Includes Symtaa with Addad Boron) 

Flaai lo Solutiona 8 Contain UrlA l rountm of l xceaa 
nitric acid 
Boron added 8a boric acid 

Sphoroa I Alminium 

T 1 
SoLUlmN axzMmlIcM 

(&w of solution) DELAYED CRITICAL PARAMETERS 
URANIUM SPKXFIC , , EYRICtMetT GWVIIY H/Z1235 Nb"s gb',, , 7 1 

OF lot81 ATOMIC AI’WIC AIWXC REFER= 
SOLUTION Urrnim Nitrat. Boron RATIO RATIO RATIO Dlumotor VoAuno 

ut39 

Ion M8ss 

(- $1 fQ, (litros) (kqr) 1 . L 1 

Unpol8oned Solutions 

v 

9348 0*01881 - - 1379 344 NIL 69*2u8 17d'1 3*2? 2. 

9348 1 l 0200 0*019S6 0*0187 1378 349 NIL 27*% In - B 4 

93.21 l-0216 0*014&2 0*0113 WS 3-W NIL 4&O& In. - - 4 
. 

Boron Poisoned Solutions 
7 

934 la0333 0.02277 0*02l2 o*-5 1177 3.79 - Z74& in. - - 4 

93.18 190307 0~02S77 oeo237 0*(xX)18 1033 3m74 - - - 4 

9348 1 l 044s o*ona 0.0251 O-WtXU 972 3*7s - N - 4 
A 

8. Cylinder MAA thlcknora 0.32 cm 

loo 



EXPERIMENTAL RESlrLTS K)R SINGLE UJ” mRES MOOErUfED BY HYDfK%XN - HICW ENRICHIM 

Table 331 

Water Reflectd Spheres of Aqueous UOtFt Solution 

(Includes Systems rt Elmmted famperrtur@) 

Spheres A luniniu 

-- 
SPECI FIG 
GRAVI’TY 

OF 
90LUTXON 

- 

H/U”’ 
ATWIC 
RATlO 

DEUYED CMTXCAL CORE PARAMETERS 
REFLBCIDR 
THICKNESS 

(cd Diameter 
Volmo 

(litres) 

479 p Eff, inf. 9 Ins l 6.32 ' 

76* 1 

126.5 

23.0 cm 

23.6 CIS 

b-40 
69% 

23w 

245.4 

263e3 

268.8 

) 15 26e4 CIII 99 726 1 l OlOl 

9.713 0*9898 

9.675 o-9353 

9*6& O-9183 

46i3*2d 

4374 d 

496*5 d 

503*0 d 

515.1 d 

524 

1270 

32.0 cm 17-065 

17*049 

17-042 

17.032 

17*0;20 

Eff. lnf. 12-6 ins 17.0 

55.9 cm ‘91*2 

SPHERE 
WALL 

rHICKNESS 
(cd 

SJLUTION ~ 
KW;ENfRATION 
gnu “‘/lltres 

REFERam 

5 

2 

2 

femperr turo 
(W 

506 1 - 

l*la 

1.24 

3.16 b 

~16 b 

3.127 ' 

C - 

C 

c 

106.75 

104.09 

97-10 

95614 

55*525 ' 

53.07 d 

52*13 d 

file47 d 

5oQ9 d 

-90 

- 

- 

0*04l 

1.87 

6 

7 

49.4 

m*s 

93.2 - 

-- 

a. Sphere lacked 80 cc. belnq fullr the data extrapolate to a critical mass and concentration of 3~09 kg of U2” and 
OmL83 g U”‘/cc (H/U”’ = 49.9) in a full, sptrere of capacity 6.4 li tres 

b. Type 2s Aluniniu 

c. Typo 3S Aluiniur Solution feed and drain lines connected rt top and bottom 

d. Concentrations and masses measured with this sphere are said to be about a high because of a systematic error 

e. Type 2s Alcainiunr Solution feed am drain Alne connected at top and bottom 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY HYDROGEN - 
HIGH ENRICHMENTS 

Table 5.4 

Spheres Polyethylene Mixture -. 

Fieference : 17, ia 

Fissile Mixture : Uranium enrichment, 33.15 wt ?. 

Average atomic composition, UH2.97 Cl 011 00.25. 

In these experiments the cores were pseudospheres assembled from tablets that 
were multiples of 5 in. cubic units. The average density of the assembled 
cores was 7.40 gm/cc. 

1 T 
-~ 
DELAYED CRITICAL CORE PARAMETERS REFLXTOR 

Pd.0 -. 

Density 

Ipn/cc 

Volume “Hydride” Uranium 
Mass Mass 
(kgm) (kgm) 

Thickness 

(ins) 
Material 

(litres) 1 

1 q30 N ’ , 
4 z 19 Sa tura 1 Uranium 

14.72 Nickel -81 
2 w56 84 I*990 

hl ’ 
z 

-8 

Nickel (against core) 

:Ja tura 1 Uranium 1 - 8.8 

I -PO 

Nickel (against core) 

Na tura 1 Urijnium 1 - -1 
13.8 - 

VP0 ) -1; 

a. Critical mass increased by the order of lq over a period of about 4 months 

b. Changing core to cube increases critical mass by about 3< 

702 



EXPERIMENTAL RESULTS FOR SINGLE U"' CXXES MIDERATED BY HYDKIGBJ - HIGH ENRICWE’JTS 

URANIUl 
NRICWMT 

b-t 0  

93.2 

93.2 

9P2 

93.2 

93.2 

93.2 

93*2 

93.2 

93.2 

93.2 

93.2 

93*2 

93e2 

93.4 

93.2 

93.2 

93.2 

93.2 

93.2 

9392 

93-Z 

- 93*4 

93*2 

9  1.2 

93.4 

93.2 

93.2 

93.2 

93*2 

93*2 

SPBCI FIC 
GRAVITY 

OF 
SOLU’I’ION 

Table 5.5 

Unrefloctd Cyllndcrr of Aqueous UOaF2 Solution in Alminim Container% 

Cylinders I & ln, ~11 thickness 

SOLUTION 
CONCENTRAf lON 

(gn u”‘/litrs) 

537.6 

680 

470 

437 

do2 
373 

350 
i--- 

537*6 

828*8 

537*4 

d80 

d80 

dso 

459 

437 

do2 
373 

3% 

337 

330 

231 
151 

77*9 

760 4 

52-2 

537.6 

m  

437 

@2 
76e4 

H/U”’ 
ATOMIC 
RATIO 

w3 

50.1 

51.5 

55.4 

60-e 

664 

71*5 

44*3 

27.1 

u*3 

50*1 

50*r 

50.1 

52*9 

55a4 

604 

664 

71 l 5 

73*4 

83*1 

05-7 

l&3*0 

328 

331 

499 

Diameter 

(ins) 

0.76 

9.5 

10 

12 

DELAYED CRITICAL PARAMETERS 

Height 
(cm4 

219 a 

2o2-2a 

149.P 

171e6a 

162.5' 

159d6 

16302~ 

38.9' 

35*la 

34aaa 

33a9b 

33.6' 

34aodwe 

34*3a 

34*la 

34*la 

34*la 

33.7' 

34*d' 

3ma 

41.2dve 

147aaa 

170*1° 

>61 .9dpe 

23.2' 

2206~ 

22.7' 

22-7' 

32Qta 

Height 

Diameter 

9985 l 

9.10 l 

7e72 l , 

7-31 l 

?*I9 a  

7.35 l 

144 a 

l-53 a  

1*x a  

I*37 a  

1.33 b  

1.32 ' 

1*x d*a 

1.35 a 

10% l 

1.34 a  

l-34 a  

1.33 l 

1.36 l 

1*38 a 

la62 dve 

541 a  

6.73 a  

>2*44 d9e 

Volume 

(1lt.r.r) 

85.2 l 45*0 8  

70*7 l 37a 8  

58*0 a 27*2 8  

66.8 l 2992 8  

6392 l SC l 

62e2 l 2392 ' 

6395 a  22*2 l 

20.3 l 10-g 8  

1996 a  

17.8 a  

a 
b 

16*9 c 
17*22d98 

174 l 

17*3 l 

17.3 a 
17.3 l 

17*1 l 

17-4 l 

I?*? a 

16.4' 

9.6 l 

8*&08 

b - 

C - 

7.9&9 

7h08 

W#* 

6e458 

4a8 

5d 

5.d 

5-158 , 

2@87d"  3.15d" 

7499 8  5*83' 

86.2 a  6a 72' 

0  _  >1*6p 

lb9 a  

16.5 l 

16*6 l 

r&6 a  

23.9 l 

9.1 l 

7*92' 

7* 258 

6*6?a 

14s' 

103 



Table 5.5 (Cont’dl 

URANIUM 
SJRICHMENT 

(wt 9 

930 2  

939 2  

93* 2  

93.2 

93* 2  

93.4 

9394 

93.2 

93.4 

93.4 

930 2  

93.2 

93.2 

938 2  

93.2 

93-z 

9390 

93.2 

93*2 

930 2  

93.2 

93a 2  

93-2 

93.2 

930 2  

SPEI=IFIC 
GRAVITY 

OF 
SOLUTION 

SOLUTION H/W” 
CONCN WATION ATOMIC 

(ga kV/li tre) RATIO 

828*R 27el 

537*6 44.3 

dso SO*1 

baa joal 

331 .c 74*6 

151 169.0 

70-7 328.7 

76a4 331 

52.2 499ao 

34*3 755 

537*6 

m  

m  

uz.3 

76*4 

w3 

501 

Pl 

72e4 

331 

331 

331 

Diameter 

(ins) 
-- 

15 

20 

30 

DEUYED CRITICAL PAfUMETERS 

Height 

(cm4 7 i aineter 

It+5 a 

1799 a  

17*9 a  

17.2 b  

16.8 a  

18.5 d.* 

21.7 dTe 

22=9 a  

27Q dTe 

43*6 dTe 

o*d85 a 
0.470 a 
0*4-m a  
06451 b 
o-u1 a  
0.485 dTe 
O-570 dve 
0401 d 

0*718 dTe 

144 0 

154 a 0*311 a  

15*0 a  oQ95 a  

15% d O-302 a  

1&7 b  0*288 b  

Id*4 c 0*282 c 

15*3 a  Oqol =  

15#2 l 0.295 l 

13*7 l 0.368 a  

13@7 a 

rpe a 

12*9 ' 

13.9 a  

16-3 a  

15-s b  

tfi-2 ' 

O*laO a 

0*181 ’ 

C 

0*182 a 

0.214 a 

b 

C  

8. Experinentrl ly determined critical heignt increased by 0.4 cm to correct for tl 
cylinder be80 

b. Cylinder bm 1 in. thick 

c. CyIlnder bare lb in. thick 

d. Type 3s l lunlnim cylinder 

Experiments performed with the cm@ surrounded 
the tank $8 id  to show no obeervable ch8nge 

4 

Voltme 

(litres) 
1  

21.1 a 

a*4 l 

20-G b 

b 

19.2 ’ 

21.09 d*e 

24.73 d*e ' 

26d ' 

31.a dTe 

49a7 dge 

32.0 ' 

30.4 ' 

31*0 l 

b 

C 

31*0 ' 

x*0 ' 

37.9 l 

62-5 

62-9 ' 

C 

63 ' 

74-3 l 

b 

C 

J 

yn5 REFEREKE 
MlrSS 

(kgr) 

17.5 ' 5  

11-o ’ 5 

9*79 b  8 .37  

b 
0 8 

6e4 ’ 5 

3*18 d’e 9 

la95 d*g 9  

2603 ’ 8.37 

l-63 d’e 9 

1.m dd 9  

26a5 a 5 

16.3 a  5  

14.9 l 8937 
b 8 

C 0 

12.5 ' 8.9 

10.4 ' 5  

2997 ' 
I 

0.9 
I 
1 

b 

C  5 

1  effect of the k in. thick 

by a 24 in. dir coaxial iron tank. On0 experiment repe8ted without 



EXPERIMEYTAL RES’JLTS ~111 SINXE U”’ MODEH.?TED fiY HYMOGEN - HIGH ENRICHMF:\‘I5 

Unref lectecl Cylinders of Aqueous, UO2F2 SelutiQn -in Stainless Steel Containers -- 
Cylinders : Type 367 Steinless Steel, 5 in, Wall Thickness 

These experiments were performed with the core surrounded by a 2L in. diameter co-8xi8l 
iron t8nk. One experiment repeat& wi-thout the tank was  said to show n3 observable 
change. 

RsERma 

-- 

9  

DELAYED CRITICAL PARAMETERS -- 
Y 
Diameter 

- .a 

Volume 
(litres) 

Solution 
Conc;y;~ation 

(q~po U / litre) 

DIAMETER 
(in.) 

Specific 
&.Vity 

of 
Solutian 

, lO*O l 

-- 

b9-38' 

> 8.61' 

> 8*28’ 
> 0*52a 

) 8.79’ 

> 9.22' 

> 3*56’ 

> 948' 

> ,7*5fIa 

> 5-43' 

>  4.12' 

>  3-l? 

H/U J” 
Atomic 
Ratio 

Height 
(cm) 

8 6 w 3  

724 

538 

394 
. 

** 
I 

8 6 0 ~ 8  

724 

538 

356 

2 8 8  

205 

W 

114 
. . . - - - -.--a 

--* I-.. v 

8 4 3 * 8  

724 

539 

3% 

331.4 

2 8 8  

205 

l t i  

.-.-- 

86&B 

827 

724 

538 

3% 
23d 

235 

1 4.: 

?A*4 

31.6 

4399 

62*7 

e6e4 

123~2 

174 

226 

- .a 

66.0 

8  

-- 

8*5 

w4 

3b6 

4399 

fl2.7 

74a 6 

86*4 

123e2 

17490 
-.- 

244 

26.2 

31.4 

43*9 

62~7 

a6*4 

123.2 

174 
--a 

9 

10 

>333ab 
-.- 

m*9a 

>32*0" 

>w*o 

>56*0 

53aob 

,57*5 

>70* 0 

>i&6*2a 

-- 

,23*0 

b25.0 

b35.0 

32.3 

3197 

31a 1 

3L-3 

35-7 

a  

-- 
a  

a  

a  

a  

-- 
a  

a  

a  

a  

a  

a  0  

a  

a  

-- 
ab 

--m 
a 

a 

2+sb 

a 

93.4 

93.2 ab 
5 

3394 

-- 
<13*4 

-- 

9 

9  

9  

9  

5  

9  

9  

9  
-4 

3 

9 

9  

3 

? 

3 

j 

3 

-- 



Tablo 5.6 (Cont’d, 1 

CORE DElAYB CRITICAL PARAMTERS 
4 , 1 

Spuiflc 
Urrnim Grwi ty Solution W ” DIAYE’TER 

( in. 1 
brichnnt of Concontrrtion Atomic 

“i;T F 
Volta. *;i:: R- 

Solution (QI U’“/11tr.) Ratio Dirmoter ( litrod (km) 

934 - 114 226 10 46 6 143 2341 249 9 

w m*5 3P >7+0 - - 34 9 

m  52.2 490 45e9’ - - 14l’ 9 

93.4 - 394 62e6 12 21a7 0*712 - 6*24 9 

m  w 174 ;Ld*7 oaog 18.02 2e67 9 

m  114 226 260 2 0457 1941 2.18 9 

m  80.5 3P xw 0492 22.10 1.78 9 

m  52.2 499 48.9 140 35.67 146 9 

934 - 4a 56.7 15 17.1 0449 1949 8.26 9 

m  116 221 19.5 0. S5l 22.23 2.58 9 

- 52.2 499 27*0 0409 mm 1*61 9 

m 340 3 755 4117 149 47e54 1.63 9 

93.4 - 212 119 P w3 o* 281 289 644 9 

m 116 221 15.7 0*300 31@81 349 9 

m m7 329 174 Oa342 35.25 2-77 9 

m 52*2 499 20.5 0'43 41 l 65 247 9 

- 349 755 260 7 0.525 5440 146 9 

* m  26.0 999.0 36.0 04og - lq0 9 
1 1 

a. Bollevod not to b critlcrl at my height 

b. No iron tank rurreonding core 

106 



In the original document, Table 5.7 appeared on a single foldout page 
number 107. It is reproduced here on the next 2 pages. The column 
headings appear on each page for convenience. 



EXPERIMENTAL RESULTS FOR SINGLE U "' CORES M JDERATED BY HYDROGEN - HIGH ENRICHMENTS 

I Table 5.7 

Unreflected Cylinders of Aqueous mz(NO3)2 Solution in Aluminiun Containers -- 
(Includes Systems with added phosphorus) 

Fissile Solutions : Contain small amounts of excess nitric acid. 
Phosphorus added as onthophosphoric acid (H$Oh) 

CYLINDER a 
DEUYED CRITICAL PARAMETERS 

URANIUM SPECIFIC SOLUTION H/UZ35 N/U235 P/U235 ’ 
WALL ENRlCHMENT GRAVITY 

OF CONCENTUTION ATOMIC ATOMIC ATOMIC Height 
‘t;igy / 

Volume 
ps REFERENCE 

THICKNESS (wt3j SOLUTION (@J/litre) RATIO RATIO RATIO Diameter 
(likes) Mass 

' Diameter (QP) . I I I I - -- 

Unpoisoned Solutions 

I/16 in. 

j/16 in. 

15.9 mm 

93.3 

92.6 

w9 mm 920 6 

l/16 in. 93* 3 

l/llj in. 93.3 

l/l6 in. 93.3 

l/l6 in. 93* 3 

l/16 in. 93.3 

1116 in. 93.3 

l/16 in. 93.3 

l/16 in. 93-3 

l/I6 in. 93*3 
l/16 in, 93*3 

1.55 
- 

l*js 

. 
la55 

1*55 

~16 

1.17 

141 

1.51 

1.23 

1.16 

147 

141 

1*08 
1436- 

35) 61*8 

353 61 4 

53*0 

3&J 

705 

73 

‘13 

236 

102 

105 

73 

73 

53 

% 

59.0 

240 

327 

352 

88.0 

230 

260 

327 

352 

493 

733 

Nil CO in, 

Nil 9-O in. 

Nil 244 cm 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

25.4 cm 

10.0 in. 

12.0 in. 

00 

do 

w7 b 

cm a3 

a, 00 

b 12+0 
b 

245 

00 

- 

- 

‘I 

- 

- 

- 

- 

- 

- 

- 

I 

8-82 

342 

a3 

cm 

1.15 

f*OS 

0.958 

t-32 

1 l 21 

142 

Q) 

00 

6@06 

2-x 

2.23 

2.15 

l-94 

I l 91 

00 

10 
8 

10 
-- 

14 

14 

70 

10 

10 

10 

10 

10 

lo 

10 

10 

10 



0 . 

DELAYED CRITICAL PARAMETERS 
CYLINDER a URANIUM SPECIFIC 

GRAVITY SOLUTION H/u235 N/U23s P/U')' ' 
WALL ENRlCHMENT OF CONCENTRATION ATOMIC ATOMIC ATCMIC p35 REFERENCE 

THICKNESS (wt.Sj SOLUTION bw1itw RATIO RATIO RATIO Diameter Volume 
(litres) 

Unpoisoned Solutions 
---I 

15*9 m m  920 6 

J5*9 m m  

l/16 in. 

l/l6 in. 

I/16 in, 

92.6 

'93.3 

93.3 

93b3 

l/16 in, 

1116 in, 

l/l6 in, 

l/l6 in. 

93.3 

93.3 

93.3 

93a3 

380 59.0 

380 

236 

102 

105 

73 327 

73 352 

53 493 

36 733 

Nil 3@5 cm 

Nil 

Nil 

Nil 

Nil 

3M cm 

15 in. 

19*7 - 

22.6 0.593 

220 7 @596 

a.9 0.549 

Nil 25.1 0.659 

Nil 24.0 0.630 

Nil 28.3 0.743 

Nil 44e6 1.17 - 

7.45 

8.51 

6ao9 

2.63 

2 

2.09 

1.99 

14 

1*79 

14 

14 

10 

I 10 

IO 

10 

10 

10 

lo 

Phosphorus Poisoned Solutions 

a. Type JS aluminium 

b, Experimentally determined critical height increased by O+cm to correct for the effect of the f in. thick cylinder base 



Table 5.8 
. 

Unreflected Cylinders of Aqueous UO2 0403 12 Solution in Stainless Steel Containers 

Fissile Solution : Contained small amounts of excess nitric acid 

-- 

REFEREXE 

7 

I 
7 

4 

4 

7 

4 

7 

4 

7 

4 
-- 

7 

4 

7 

4 

7 

4 

1 7 1 SOLUTION COI~WTRATION DELAYED CRITKAL PARAMETERS SPECIFIC 
GRAVITY 

OF 
SOLUTION 

t1,‘u2’ s N/U235 
AT-K ATOMIC 
RATIO RATIO 

. 
To-1 Nitrate 

Ion, NO:, 
bdsTp) 

Dkneter Height 

1 ,m 3-S so-8 cm 38-3 cm 

- 

o-01692 

O-01 661 

* 

O-01 496 

0*01(31 

c 

O-01 379 

* 

0*0128 

o-01 62 

O-01 a0 

O-01 22 

* 

o-01 26 

3,604 3.8 154-7 cm 45-l cm 

1,404 3.08 60.92 in IS-37 in 

1,634 3*47 60-92 in r+a in. 

1,821 3*8 154.7 cm 72.7 m 

1,82-l 3* 25 60.92 in. 29.23 in. 

l,W5 3-g 154.7 cm 1092 an 

1,%x 3e47 60.92 in Q-06 in. 

1,981 3-g 15497 cm P3-3 CJn 

1,981 3-71 60.92 in a048 in 

URANIUM 
ENRICHMENT 

w v 

920 8 

92.8 

93* 22 

93-03 

92-8 

93-12 

92.8 

93.11 

92-8 

93.01 

- 

- 

190229 

1 l oa7 

- 

laOiD 

* 

l-oa4 

* 

1*0197 

92.8 II 

920 79 1 l Ol 94 

92-8 - 

92.78 1-0218 

92.8 * 

92- 82 1 alno 

c 

Diameter 

u235 

Mass 
&P) 

Volume 
(litxes) 

?7*7 
1 

W 

2*01 

1936s 

1,978 

- 

3,822 

* 

13*68 

19-45 

26-88 

43.95 

o* 754 

lb13 

* 

14-22 

* 

13-59 

13*07 

- 

0,332 



EXPERIMENTAL RESULT’S FOR SINGLE Ua” W?ES, MXERATED BY HYDROGEII 

fable 5.2 

Cylindoro rf in. ml1 thicknoar 

r 
Urrnim 

5nrichwnt 
(rt $1 

93.2 

93.4 

93.2 

93.2 

93*4 

93.4 

93.4 

93*4 

93.2 

93.4 

93@4 

93*2 

93G 

93.4 

93.4 

93.4 

93*2 

93.2 

93.4 

93.4 

93.2 

93.4 

93-4 

93.4 

93*4 

93.2 

93a2 

93*2 

93-4 

CORE I 

Spmific 
Gravity 

of 
Solution 

332 43e2 Eff. Inf. 

459 !G+9 >iiC 

415 584 >4iC 

212 119eo >4f" 

827 26.2 >4fC 

5374 44.3 Eff. hf. 

459 52.9 >4fC 

u4 S W ?  >4iC 

315 70-7 Eff. hf. 

2l2 119eo ,ric 

116 1  221 1  >4f 

827 26*2 

759 29*9 

537 43.2 

688 

439 

415 

315 

2% 

1% 

*t 

s*2 

828*8 

s37 

a 

459 

49es Eff. hf. 

1 78*3 Eff. fnf. 

99.3 >4iC 

192*0 >4fC 

290 >4bC 

499 >4q 

274 Eff. fnf, 

43.2 Eff. Xnf. 

49.5 Eff. Xnf, 

S2*9' >4fC 
! 

DIANE 
(in8 

6 

10 

DELAYD CRITICAL CORE PMAWTERS 

Height 
(W 7 

Dlrrretor 

Volme 
(litroa) 

>22d 

b74.3 0  

89d 

7Md 

7D.gb 

7108~ 

~2*6~ 

8 - 
+b 

2 
lb2Sd 

124 * 

12+yb 

13.10b 

8  - 

2m b 

2.34 b  

2.37 b  

244 b  

2*58 

3.19 b  

0  

9*12 

1146b 

- bb 

21.Sb 146 b  6e9nb 

zo.7b 1.02 b  6mb 

10*6* 0*915* bojd 

l&B 

19e5b 

ZbSb 

19*4 

22*4b 

28*lb 

&lb 

,74.saeb 

0.925 

O+Ob 

la01 b  

0.955 

l@lO b 

lq8 b  

l-97 b  

-0 

6.09 

mb 
6e6Sb 

6e28 

7eb 

9.11b 

1 3aob 

-0 

12*id 0*430* 6-3* 

12*sd 0~492~ 6034~ 

12.6 0*4% 6*25 

13*Lb ce snb 6eb 

8  - 

>4d3apb 

13*47d 

6-d 

5e93b 

5*ub 

>2*818 

5G6b 

s.09b 

3d 

29 97 

2.90b 

2~6~ 

le98 

1  43Ab 

l.22b 

l*15b 

>1.2fPb 

5e2 d  

,,Lod 

3.10 

3.t2b 
- 

REFERBWCB 

5, 8  

9  

5  

8  - 

9  

9  

9  

9  

5  

9  

9  

7  

9  

9  

9  

9  

8  

7  

9  

9  

7  

9  

9  

9  

9  

5  

8  

7  

9  



J8bIe 5.9 (Cont’d. 1 

t 
CORE I 

--a-r-.- 
DELAYED CRITICAL -E PARAMETWS 

9 ( REftECXIR 
Uraniun spsci fit 

Gr8Vi ty 
Solution H/V” THICKNESS 

Enrlchrront Concsntretion Atomic (in.) I 
DIAMETER 

1 

(in4 +lei*t - 
bt 6) 

of 
Solution (ga U”‘/li tre) RItiO (cd 

33-2 - 199 127 Eff. hf. 1494 o* 566 

93*4 78*? 328*7 > 4:” 22-Lb o*0&2b 

93a4 55.2 499 > 4:” 3502~ w9b 

93*4 - 34*3 73s > 4q > 56.4a’ b mapb 

93.2 - 8284 274 Eff. Inf. 1s ?a7 d  0a2d 

93.4 m  459 52*9 > 4p 7*90b 0*207b 

93.4 m  424 56*7 > 4:’ 8*50b Oe223b 

93.4 m  116 221*0 > 41" l190b 01296'  

- 93*4 m  55.2 49990 > 4:" 16*90b 0448b 

93.4 a  34.3 755°0 > 4$" 27. lob 0*710b 

93*4 C 26.0 -999 l o  >  4:" web l*lbb 
A A . 

80 Believed not to be criticri at any height 

b. Type )S akminium cylinder 

Tax 1.45 7  

11 l 35b oe093b 9  

17083~ o*930b 9  

,a, b  >  0.98 hb 9  

0.8 d  7*3'd 5 

9.01b / 4*14b 9, , w 
9eb 4d 9  

12*asb 1  l 4# 9  

19*nb tab 9 

29*7Sb lQZb 9  

SO*50b 1  .31b 9  

CO There experiment8 were performed inride 8  26 in. dir Ueter trnk, mrintrining 8t 
1ereC 41 in. of water on the core bottom. 
deep 8 d 

A small r luminiun water t8nk, 6 in. 
f ltting rnu9ly into the core cylhder provided reflection to the top 

surfrce of the core 

d. Experimentally detemincd critical height reduced by 0.7 CII to correct for the 
effect of the i in. thick cylinder bree 
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EXPERIMEMTAL RESULTS K)R SIBGLE Ua’’ CORES WOERATED BY HRMCGEN - HIGH ENRICWENTS 

SPECIFIC 
GRAVITY 

CF 
SOLUTION 

soLumu 
CXMXNIRAIION 

(gm lJ”‘/1ltre) 

848*8 

724 

537.6 

394 

33w 

288 

7x 

338 
396 

288 

20s 

148 

869 

7% 

538 

394 

288 

205 

140 

ll4 

869 
82? 

7% 

538 

424 

415 

396 
288 

254 

205 

148 

134 

114 

so*5 

869 

. 

Cylindor8c TYW ,367 Stairbrs Steel, sf inr. wall thickness. 

OORE I I DELAYED CZlITXCAL CORE PARAMETERS I 
7 REFLECXOR 

vu 131 THICKNESS 
Atomic ( ino) Diamete$ neigh ’ VOAW 

UW REFEREm 

Ratio (W 
Height 
(cm4 l/ 

Mass 
imeter ( 1 i tres) 

(k!Pd , 7 

, 

1, 

a*4 > 4; b 6 > 56.9 a a - - a >9-02 = 9 

Uranic 
Enrichrwnt 

bt a 
1 

93a4 

93d 

93.2 

93*4 

93.2 

93.4 I 

3b6 > 4) b >6696 = - a B a > 8.80 l 9 

w3 EffJnf ll8.4 7976 21*55 w59 S 

61.1 > 4; b > 87.6 a a a 2 >.6em l 9 

'74.6 EffJnf M43.7 a = - - a - a S 

86*4 > 4; b > 72.9 a a a > 3.83 l - 9 
1 J 

I 

i 4 
I 

; ’ 45 I b  I 6.5 I 4990 I 2-96 I 10949 I 7*59 I 9. 31@6 

43*9 

62-7 

86*4 

123.2 

174.0 

’ 4$ b 47.1 2*85 1048 5-s 9 

' 42 1 
b 

47.9 2.90 10.25 4d6 9 

> Ii 1 b 53.8 3.26 1141 3.31 9 

00 La85 3-50 9 

> Lf b ~2~3 a a a - a >2*29' 9 
1 

I I I I 
l ,  

> 4; b 

> 4; b 

> 4f b 

>"f b 

> 4; b 

> 4; b 

> 4f b 

> If b 

> 44 b 

> Li b 

>4$ b 

1 b ) 4; 

> 44 b 

uf b 

>4f b 

> 4: b 

> 4; b 

> 4; b 

> 4) b 

> 44 b 

> 4) b 

> 44 b 

93*4 

93*4 

244 

31.6 

43*9 

6l.l 

06.4 

123*2 

174 

226 

u-4 

26-2 

3b6 

L3-9 

56G 

5843 

62-7 

86.4 

w5 

123.2 

174 

192 

226 

320 

3594 1 l 98 I 8G9 7.63 

34.0 1 l 9r 84 6.11 

32.7 144 8.12 4-37 

32*6 1.83 8*09 3.19 

36-O 2*02 8*94 2*57 

Lb3 2*38 10*50 2.15 

5783 3.22 74e22 2.10 

%9*9 * > 1.98 

23.4 1.15 ?*59 6.59 

2395 1.16 I 7-62 , 6a30 

22.6 l*ll -33 5*31 

21*9 1 908 7-10 3-82 

22a2 1 l cn 7920 3-05 

' 2098 ' 1*02 6% 2-80 
/ 

22.9 1 a13 742 2*94 

23.8 1*17 7.72 2.22 

2&z 1.19 7-85 199 

26-o l-28 a*43 I*73 

300 1 1*48 9.76 1.U 

a*4 1945 9*53 1.20 

36*3 1.79 , 11-77 I*34 

604 2*96 19-U 147 
I 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 



-- 
SC’ECTFIC 
GRAVITY 

CF 
SOLUTION 

SOLUTION 
CONCENTRATION 

(gm P’/lltre) 

CORE 

Uranium H/U”’ 
Enrichment Atomic 

(wt 5) Ratio 

724 31 l 6 

338 L3*9 

396 62*7 

288 06*4 

20s 123.2 

148 174 

114 226 

m.5 320 

52=2 499 

869 

72A 

538 

3% 

288 

205 

148 

114 

80.5 

52a2 

21*4 

!I*6 

G3*9 

62-7 

86.4 

123*2 

174 

226 

3xI 

394 

168 

114 

80*5 

52*2 

36*3 

26.2 

93.4 

499 

62-6 

1’TL 

226 

320 

499 

4294 

116 

52*2 

34*3 

26*2 

755 ! 4847 l-60 i 35.53 ’ lo22 9 I 
999.0 > 4fb 1 > 6900~ : 0’ f 3 

1 
> 1*3P 9 

I I 
I I I 1 

93*4 5t;*7 I ! > 4: b :5 ; :0*1 1 0.265 i 7?.51 I 

I 

G-88 ’ 9 
I 

> 4ib i I3*0 / 0+&l 
I 

221 

I 
i 14982 t 1 l 72 9 

a9 

755 

99990 

> 4fb 0W6 7867 

> i+i 
b I I 

18a7 
I 

19e9 O-870 8*16 

> Lf 
b 22*2 0.970 9.11 

> 4f b 

I 
25.3 

! 
l-11 lo-38 

> Lf b 

b 
a’; ; 

1 

p 4’2 3 I ! I :5*2 ’ 0.598 ’ I I 7-70 

3e93 9 

2.93 9 

2*21 9 

I*67 9 

195 9 

la18 9 

la9 ‘9 

> 0.87 9 
7 

6.73 9 

5.61 9 

446 9 

3-05 9 

lb*8 I o-461 , I a*51 1.74 9 
I 

18-I 09713 9917 9 
I 

Ye36 , 

20*0 O-788 IO-13 I 1.15 9 

’ I 25*0 1 0.985 1 12967 I 1.02 9 

a. Believed not to be critical at any height 
b. These experiments were performed inside a 24 inch diameter water tank, 

maintaining at least Gi inches of water on the core bottom. A small 
aluminium water tank, 6 inches deep and fitting snugly into the core 
cylinder provided reflection to the top surface of the core. 
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EXPERIMENTAL RESULTS FOR SINGLE U ‘)’ CORES WERATED BY HYDROGEN-HIGH ENRICHMENTS 

Table 5.11 

Cylinders of Aqueous uOa(NO,)a Solution with Full Water Reflector 

(Includes Systems Wli th Added Phosphorus) 

Ref crence I 10 
Flssile Solutions I Uranium enrichment-93.n 

Solutions contain small amounts of excess nitric acid. 
Phosphorus added as orthophaspheric acid (H$W4). 

Cyl I ndcrs I l/l6 in. thick Type 3s aluminium. 
Reflector Thickness: Effectively infinite. 

CORE I DELAYED CRITICAL CU4E PARAMETERS 
I  

T  T  T  

Specific 
Gravity Solution u235 

of Concentration H/U’ ” N/U”’ P/U2" Diameter Height 

(ga W ’/lltre) 
(ins.1 (ems) 

Mass 

Solution (kgn) 
h  A 

Unpoisoned Solutions 

I 
236 

102 

105 

73 

73 

53 

61aS 

08*0 

240 I 

332 i 
I 

61.8 

88a 

230 

240 

3n 

352 

493 

236 80*0 

102 230 

105 240 

73 3n 

73 352 

53 493 

36 733 

2d6 i 35mo 1 
1 

I*53 

2-86 NIL I 10 l cJ 16*6 1 o-654 

7*40 22*4 0.882 

7*40 22.6 0*8% 

2-86 20.1 i 0.791 

7-48 2em2 1.11 

2d36 2692 1 l 03 

2*06 37*0 l*46 

7*48 NIL 12*0 16q CM35 

7-40 16.8 0*5Sl 

2.66 l$*l ' 0.495 

7048 P*O 096% 

2986 19.3 0.633 

2-86 24.6 1 O-807 

2*86 

359 61*8 2.86 

236 88*0 7*48 

102 230 7*40 

10s 24Q 2.06 

73 327 7848 

73 352 246 

53 493 2*06 

36 733 246 

2~86 NIL 990 19-7 I O-862 

7~40 / 27*7 ! 1921 
1 

I 
2-06 I I 2593 I j 1*11 

I I I 

! 
t 43.2 1 led1 

NIL lS*O 9-4 Oa247 

12*7 , on333 

( 13-2 j 0*346 
I 
i 12*2 

I 
0=3P 

' 15*1 0*396 

14*4 0-378 

n99 O-470 

I 
26-7 / O-701 

A 

25n 

1*2A 

2% 

2*69 

1*08 

1.04 

3.02 

2*67 

1*17 

146 

1 l 05 

00% 

1 l oo 

241 

192s 

1 l 15 

1 l 07 

1.02 

0*95 

lell 

3*8S 

3.42 

1853 

1*4s 

la26 



Spocif ic 
Gr8vi ty 

of 
Sohtion 

I- 

OORE I DELAYED QltTICAL OORE PARAYRLR I v 7 7 4 

Solution 
H/W”’ N/9” P/U”’ Diameter 

Concmtratlon 
Height 

(gm lP’/lltro) un*) b-4 
I I 

ia08tbhoms Poison@ Sohtlons 

55 316 2.9 
I 

e 11 180 53 

- 

- 55 316 2.9 

- 
l 
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EXPERIMENTAL RESULTS FOR SINGLE U”’ CORES WOERATED BY HYDROGEN - HIGH ENRICWENTS 

jabAe 5.12 Id 

Partially Water Reflected Cylinder% of Aautous UOIFI Solution 

(see also Table 5.12 (b), (c), (d)) 

Roforence# 8 
Flmsile Solutionr Uranium enrictunent, 9392 wtl 

Spocif ic grrvi ty, - 

Cylindorar 

Rof hctorl 

Concentration, 537 gnUz3'/l i tro 
H/U”’ Atocnic Ratio, 43.2 

l/16 in. thick aluminiurn 

Effectively infinite thickness, krt with a void space 
fissile solution the thicknerr 

the table. 
Imediately above the 
of which is noted in 

REFLECTOR 
WID 

THI(XNESS 
(-1 

nil 

1 

2 

4 

6 

DELAYED CRITICAL CUIE PARAMETERS 

Diameter Height 
wd (cm4 

12*5 

13.6 

w75 

1445 

14.5 
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CXPERIMENTAL RESULTS FOR SINGLE Ua’’ CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.12 (bl 

Partlally Water Reflected Cylinders of Aqueous UOa F2 Solution 

(See also Tables 5.12 (a), (c), (d)) 

‘Jranium enrichment8 93*2’wt$ 

Cylinders: &  in. -thick aluminium 

Reflectort Effectively infinite thickness on bottom and sides of core to a height 
equal to that of the fissile solution. 

fXME DELAYED CRITICAL CCRE PARAMETERS 
. 

1 
t 

Specific 
Grrvi ty Solution H/U’” Diameter Height Volume 

p5 REFERENCE 

of Concentration Atomic US6 

Solution (gm U”‘/litre) Ratio (ins.) hs) (litres) 
(kg4 

I , r ----- ~~ 7 ~ 

5374 u*3 6 75*od 4.92 a 13+5= 7*3ha 5 

! 

537.6 , 4b3- 7.5 25+ 
I 

1*35 d 7932' , 3*93a , 5 I 
/ I I 

Experimentally determined critical heiqht reduced br/ 01’7 cm 
to correct for the effect of the i Ln. thick cylinder base 
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WmIMENTAL RESULTS FOR S1NCZ.E U”’ CIXES WERATED 8Y HYDROGEN - HIGH ENRICXMENTS 

latlc 5.12 (cl 

Partially Water Reflected Cylinders of Aqueous UOaFa Solution 

(aeo l iro Table 5.12 (a) (b) (d)) 

Reference8 9 

Fissile Solutionr Uranium enrichment, 934 wtS 
Concentratio’n, 459 gm lJ”‘/li tre 
H/U”” Atomic Ratio, 52-9 

Cyl inderg fg in. thick Type 3s aluminium 

Reflector, Effectively infinite thickness on bottom and side 
of core to the height shown in the table. The 
experiments were performed inside a 24 in. dia. 
water tank maintaining at least 44 1n. water on 
the core bottom. 

REFLECTOR 
HEIGHT DELAYED CRITICAL CORE PARAMETmS 

, 
(see notes 

prefacing Height ua 35 
Table) Diameter Height Volume 

(ins.) Mass 
(cm4 (cm4 j (litres) Diameter kP) 

0295 - 10 15-25 - m  

55a5 15.50 - - 

22.5 15.75 - 

l&75 16.75 - - 

8925 23.75 - 

NIL mo - 
* 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.12 (d) 

Partially Water Reflected Cylinders of Aqueous U02F2 

(See also Tables 5.12 (a), (b), (c) 
Reference: 8 

Uranium enrichment: 93.2 vut$ 
Cylinders: $ in. thick aluminium 

CORE DELAYED CRITICAL CORE PARAMETERS 
f 

Specific Solution H/U 235 REFLECTOR Height 
Gravity Concentration Atomic GEOMETRY Diameter Height 

0 f’ (gm U235/litre) Ratio (in.) (ems) / 
Volume 

u235 

Mass 
iameter (likes) 

Solution 1 klm) 

470 

Effectively infinite 
reflector separated from 

file5 core on the lateral surface 8 66a4 - 216 lo.2 
only by a 6 in. thick 

. annular air-gap 

6 in. thick radial - 
reflector only 25.3 - 8.2 345 

6 in. thick on half (180’) - 
of radial surface only 464 - 15.0 7.05 

4 in. thick on bottom and 
76*5 328 on one half (180’) of 10 3&o - 19.3 1.52 

radial surf ace 

; 118 



235 
CXPERIMENTAL RESULTS FOR SINGLE U CORES MODERATED BY HYDROGFhf - HIGH ENRICHMENTS 

Table 5.13 (a) 
Cylinders of Aqueous WOa (NO& Solution with Partial Water and/or Lucite Reflector 

REFERENCE9 10, 14 

Fissile Solution: Uranium enrichment, 93.3 wta’, 
N/U2” atomic ratio, = 2.86 

Cylinders: ’ t”b in. thick type 3s aluminium 

Reflector ai . Gfifectively infinite thickness but separated from the core radially by an 
annular air gap. The air gap was maintained by a series of nesting con- . 
centric annuli split longitudinally along a diameter and fabricated in 
& in. aluminium. The outside thickness of the four inner annuli, 
measured along a radius, was 1 in. and the thickness of the remaining 
annulus 2 in. 

P 
I 4 

CORE I DELAYED CRITICAL CORE PARAMETERS 

r I 

- 

c 

t !-REFLECTOR 
Speci fit 
Gravity Solution ’ H/U-’ VUIU 

of Concentration Atomic THICKNESS 

(gm .U/litre) Ratio (ins. ) \lns. I WV 
Solution Dzmeter h4 

1 

- 359 61.8 1 l O 10 19-O 
I I I I I 

o-748 
I 

3.45 

2.0 2.0 21.0 21.0 Oaa827 Oaa827 3*8l 3*8l 

30 l 30 l 22e4 224 03 882 03 882 4.08 4.08 

4e0 4.0 23e6 23e6 01929 01929 4e 28 4* 28 

105 105 24Q 24Q 1 l o 1 l o 10 10 aeO ae0 O-945 O-945 I*27 I*27 

2*0 2*0 26e5 26e5 1 l Q4 I*94 Ia40 Ia40 

4e0 4e0 72e4 ’ 2e85 72e4 ’ 2e85 1.57 1.57 
I I 



EXPERIMENTAL RESULTS F0R SINGLE U 235 CORES MODERATEDBYHY'DROGEN -HIGH ENRICWPTTS 

Table 5.13 (b) 

Cylinders of Aqueous UO2(NOh Solution with Partial Water and/or Lucite Reflector 
(see also Tables 5.13(a)(c)(d)) 

Reference 8 15 
Uranium enrkhment : > 90 wt4 
Cylinders : 'i in. thick s+.ainless steel 

Reflectbm 10 in, thick Lucite on core bottom and 8 in. thick water on side to a height 
equal to that of the fissile solution, (see Figure 5.1). Ttbere are said to 
be indications that the upper base plate acted as a partial top reflector; 
the magnitude of this effect was not measured, however. 

Specific 
Gravity 

of 
Solution 

CORE 

. 
Solution 

Concentration 
HhJ 235 

Atomic 
Ratio 

433 + 2 

1688 

1710 

1721 

1739 

1757 

1773 

1776 

DELAYED CRITICAL CORE PARAMETERS I 

Diameter 1 Height 
(ins.) (4 

r 

- 

58.7 

69*2 

75.2 

790 1 

86*6 

Y5e5 

106e2 

l lO*O 

r 

5.91 

6*73 

-24 

7*57 

840 

8@95 

120 



EXPERIMENTAL RESULTS IQR SINGLE U”’ CORES MODERATED BY HYDROGEN - HIGH ENRICHMPITS 

Table 5.13 (c). 

Cylinders of Auueous lJ&(NO& Solution with Partial Water and/or Lucite Reflector 

(see also Tables 5.13(a)(b)(d)) 

’ Reference *t 10 
Uraniun enrichment 8 9g.3 WM. 
Cylinders 

a k 
in. thick Type 3s Aluminlum 

Reflector : adial Reflector only, contained in a series of nesting con- 
centric annuli split longitudinally along a diameter and 
fabricated in & in. aluminium. The outside thickness of the 
four inner annuli, measured along a radius, was 1 in. and the 
thickness of the. remaining annul1 2 in. 

Specific 
Gravity 

of 
Solution 

CaE 

Solution H/V” N/iJ2" 
Concentration Atomic Atomic 

(wJ/ri-) Ratio Ratio 

359 61.8 2.86 

105 240 2a86 

73 352 2*86 

REFLKTOj? 

THICKNESS 
(See notes 

prefacing Table) 
(in.) 

0d8 

1.75 

2e63 

3.50 

0.88 

la75 

2e63 

3a 

0.88 

la75 

3+ 

DELAYED CRITICAL CORE PARAMETERS 

Diameter Height 
(in* 1 (cm) 

10 

10 

10 

1 
2+6 

am6 

230 3 

22.9 

33e6 

ae4 

26e9 

26e6 

43e 9 

35.3 

32* 5 

1 ps 
Mass 

Diameter hd 

1.13 5*= 

Oe969 4e 47 

0*917 4ma 

0.902 4.16 

le32 le78 

142 1*5r 

146 142 

1.05 1*41 

1*73 ~61 

le39 19 
148J l*ao 

9 



EXPERIMENTAL RESULTS FOR SINGLE U 235 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.13 (d) 

Cylinders of A@eous UOz(NO& Solution 
with Partial Water and/or Lucite Reflector 

(See also Tables 5.13(a)(b)(c)) 

Reference 8 15 
Uranium enrichment : ’ > 90 wt% 
Cylinders z 8 in. thick Stainless Steel 

Reflector : 10 in. thick Lucite Bottom Reflector only; See Figure 5.1. There are 
said to be indications that the upper base plate acted as a partial top 
reflector 5 the magnitude of this effect was not measured, however. 

1 
CORE ‘DELAYED CRITICAL CORE PARAMETERS 

T T T 

Speci fit HAJ 233 NhJ 235 
Gravity Solution Atomic Atomic Diameter Height 

of Concentration (in.) (cm) 7 

u2)5 
Mass 

Solution Ratio Ratio Diameter (m) 
1 

- - 1633 - 35.48 61*7 - 6m21 

- - 1688 - 740 2 - 7% 

- - 1770 - 81.5 - 

1 

745 

- - 1721 - 86.1 - 8*X 

* - - 1739 - 95e3 - 9.03 

- - 1757 - 106.7 - 1040 

l  
- - 1773 - l20*9 - 11~~ 

- w 1776 - 127ao - 11.78 
1 1 



EXPERIMENTAL RESULTS FOR SINGLE U2" CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Tab’le 5.14 

Cadmium Clad Cylinders of aqueous l&F2 Solution with Water Reflector 

Reference 1 3 
Uranium Enrichment t 
Cylinders I 

93'4 ti( 
m  inch thick Type 341 StainLess Steel Clad with O*U 
gm/sq. cm Cadmiun. 

Reflector Thickness t These experiments were performed inside a 21 inch 
diameter water tank, maintaining at least 4; inches 
water on the core bottom. A smaA1 aluninium water 
tank, 6 inches deep and fitting snugly into the core 
cylinder provided reflection to the top of the core. 

CORE DELAYED CRITICAL CORE PARAMETERS 
I 1 

Specific DIAMETER 

Grad ty Solution H/U2" ( in. ) Height Heigh 

of Concentration Atomic 
(gtn U’3s/litre) Ratio (cm ) A 

Volume 
UW 

(Iitres) Mass 

Solution Diameter hm) 

'a 31.6 7 >5@3a ma 
a 

> 9.04 a - 
. 

- 2s 86e4 - >71*3" -a a > 5*15 a 

- 86&8 a*4 8 > 30.8 > 8.69 

a - 'U 31a6 > 35.9 - > 8.43 a 

- 538 43@9 51.5 2* 54 16 '70 8.98 

- 336 62*7 48.4 2* 38 15.69 6.21 , 

- 86*4 56-5 2.78 W32 5*28 

- 868.8 24.4 9 > ;Lda7 - > 8.80 

- m  31.6 29.0 1 2'1 . l l+O 8*62 

- 538 43.9 28.8 1.26 lb82 60 36 

- 336 62*'7 28.3 14 11~64 4*61 

- 86* 4 29*2 1.28 11.98 3*45 

- 205 123.2 32.0 140 13.13 2.69 

143 174.0 37.3 1.63 , 15.33 2m26 

- 114 226.0 > 41.2 - - > A*93 

- 805 320 >40*5a .a a - B Am34 a 

865*8 a.4 10 23-4 0.921 lOa 

7u 31.6 21.1 0*832 lo@69 7*74 

538 43.9 21.4 @843 lOa81 5.83 

3% 627 2290 09866 11*15 4.42 

2343 86.4 - 3.21 

116 221.0 280'7 1.13 l 14*54 1.69 

827 26.2 12 15.5 oe5w 9.35 

5697 15-8 0+18 17.53 4*89 

148 174~0 i I 13*5 09639 14a22 2.10 

ll4 226mo 2Q.9 0*&!5 15*25 1*74 

52 Leo 32-8 148 25.93 1.25 

34.3 755.0 > 5aq d 
a a 

- > 1-46 a 

a. Believed not be critical at any height 
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ZX?ERIMWTAL RESULTS FGR SINGLE U23s CCRES MODERATED BY HYDRCX;EN - HIGH ENRICHMENTS 

Table 5.15. 

Cylinders of Aqueous Solution with Beryllium Oxide/Graphite Reflector 

Reference : 32 

Fissile Solution : Fissile Material, UOzS34 at 8+84 wtl enrichment. Solutions contain 
approx. L* 9 gm/litre sulphuric acid. 

Cylinder : Zircalloy, 25 cm dia. x JO cm, wall thickness 1 mm. A6mrnx8mn 
solution feed pipe was attached to the centre base of the cylinder and 
the top was closed by a cover surmounted by two a m m  dia. and one 
10 m m  dia. access tubes. 
The cylinder including feed pipe, was wraoped in a layer of blotting 
paper and then enclosed within a close-fitting aluminium jacket, A 
gap of l-2 mm then intervened between the aluminium jacket and the 
reflector. 

Reflector b A parallelepiped of beryllium oxide (average density 2.95 gm/cc ) 
giving a minimum thickness in any direction of 27-5 cm enclosed in 
a leyer of graphite (average density 1.65 gm/cc) W  cm thick. The 
portion of the reflector located in the upward projection of the 
tank was a removeable plug resting on an aluminium plate 2 cm thick. 

CORE DELAYED CRITICAL CORE PARAMETERS 

I T \ I 

Specific 
Gravity Solution H/U2’5 Diameter Height 

of Concentration Atomic 
(cm) 

Solution (gm U/litre) Ratio 
(cm) 7 (y:) uE;m 

Diameter 

- 36+H - 25 23* 875 - 11 l 500 4~76 

- 37m597 m 22a785 - 10.990 413.19 

- 38Q34 - 22.38 - lo.790 412@43 

- 3w7 - 21*83 - 1~.53Q 412% 
- 3*?* 665 27 l &J8 - 10.340 410.13 

- 49.393 27a13 - lo.150 409@85 

- 41.6 - au - 9.880 411 
- 43.062 - v+71 - 9.53 410.38 

- 43.66 w4 - 3*360 do9059 

- 46*14 - Me275 - 8450 da@35 

a The thickness of the cylinder cover and base is different from that of the walls. 
An “effective uniform thickness” of 104-24 m m  is evaluated by calculation 

b This reflector is shown by calculation to be equivalent to a ti cm thick beryllium 
oxide reflector, increasing the critical mass by only one 1% relative to the infinite 
beryll ium oxide reflector 
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EXPERIMENTAL RESULTS FOR SINGLE U 235 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.16 

Cylinders of Aqueoa Solution with Iron Reflector 

(wi’th Added Phosphorus) 

Reference t 33 

Fissile Solution : 93.5 wt< enriched UO, dissolved in 4*3 Molar Orthophosphoric acid (H#Ob) 

Cylinder : 0.1 cm thick stainless steel 

Reflector Thickness : 9 cm 

v 

CORE DELAYED CRITICAL CORE PARAMETERS 

Density 
of Solution H/U'- P/u235 Diameter Height Height Volume Mass 

Solution Concentration Atomic Atomic 
(cm) (4 N (litres) (kcp) 

(g&c, 
(gm U235/litre) Ratio Ratio Diameter 

b326 120 138 - 31 l 5 16.4 - 12.8 1.53 

~316 A 220 - 1'?@2 - 13.4 1% 

lqo8 96 2d8 Id*0 - 144 1.34 

1 l 293 80 30’3 - w5 - 15.2 ie2 
. 
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M’ERIMENTAL RESIJLTS FOR SINGLE U235 CORES MmERATED BY HYDR3GEN - HIGH ENRICHMENTS 

Table 5.1’7 

Cylinders of Aqueous Solutions with Stainless Steel Reflector 

Reference : 10 

Fissile Solution : UOz(N03)a at 33.3 wt? enrichment. Solutions 
contained small amounts of excess nitric acid, 
N/U235 atomic ratio = 2~6 

Cylinders 

Reflector 

. : & in . %hick - Type 3S aluminium 

: Type 347 Stainless steel, density ‘79 gm/cc. Radial 
rc?f lector only. 

6-4 
DELAYED CRITICAL CORE PARAyETEF& 

‘imq?L ! I 
CORE 

Diameter 

RZFLECTDR 
TH ICKNESS Specific 

Grav i ty Solution H./U235 

of Concentration Atomic 
Solution (gm Ubtre) Rdio 

1 

Uameter 
(in. ) 

Height 
(4 

1.50 in. 

2.00 in. 

3.00 in. 

3.50 in. 

4’70 8 

39 ‘7 

33.2 

37 l 5 

se 56 - -e--C 

4 61 l 

3.86 

34 
b 

5°09 

3.89 

20 51 

2*09 

1.73 

1 l dz 

2.15 

1 l 37 

1.22 

1*28 

359 ! 61.8 

1.16 

140 

ow5 

1 et36 

1.56 

1.29 

146 

230 in. 

0*2f, in. 

O-50 in. 

l*OO in. 

2*50 in. 



EXPERIMENTAL RESULTS FOR SINGLE U 23y CORES MCWRATED BY HYDROGEN - HI@4 ENRImEN= 

Table 5.18 

Cylinders of Aqueous Solutions with Stainless Steel/Water Reflector 

Reference 8 lo 

Fissile Solution t UOa(NO,)a at 93.3 wt< enrichment. Solutions contained small amounts 
of excess nitric acid, N/U2” atomic ratio = 2.86 

Cylinders 8 & in. thick-type 3S abninium. 

Reflector : Effectively infinite’thickness water separated from the core radially 
by an annulus of Type 34? stainless steel, density 7a9 &XL 

Specific 
Gravity 

of 
Solution 

1.55 

1.55 

1.16 

141 

CORE 

Sohtion 1 H/b2” 
Concentration Atomic 
(QP U/litre) Ratio 

359 

359 

165 

73 

r 

61ea 

61d 

-- - 
a0 

352 

STAINLESS 
STEEL 

KZFLECTOR 
[HICKNESS 
1 see notes 
prefacing 

rable)( in.) 

2.00 

+jo 

030 

leoO 

2*5Q 

0*25 

0*50. 

140 

2.50 

030 

0.75 

1.50 

2e50 

DELAYED CRITICAL CORE PARAMETERS 

Diameter Height 
(in.) (4 

8e0 

1oeo 18e6 

l&O 

16e4 

23.B. 
. 

23.6 

224 

Be4 

31e3 

3oe7 

~ 2+4 

26e5 

7 
Xafneter 

+35 3d8 

1 l 19 2e82 

Oe732 3.39 

0@709 3e27 

od46 298 
_ .-...- _ _ -- 
0.921 1% 

Oe929 1;25 

OeW9 140 

odO3 148 

le23 la15 

1 l 2l la13 

142 la04 

leo4 0*97 

148 53 413 230 I 3i';+ 1.53 
1 

! 1 a04 
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EXPERIMENTAL RESULTS FOR SINGLE U2" CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.19 (a) 

Cylinders of Aqueous Solution with Miscellaneous Reflectors 
(See also Tables 5.19(b), (~3, (d)) 

Reference : 10 

Fissile Solution : U02(N03)2 at -13-3 wt? enrichment 

Solution contained small amounts of excess nitric 
acid, N/Uz3’ atomic ratio = 2.86 

Cylinderc : & in. thick Type 3s aluminium 

Reflector I Aqueous solution of natural UOz(NO3)2 

CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS 

Sped fit Solution H./U"" Dt?nsi ty Thickness Diameter Height Height p3 
Gravity 

of 
Concentration Atomic 
(gm U/litre) R;l$iO 

( gfdcc ) Un.1 (in.1 (4 
qasa 

Diameter 
Solution (kd 

I 1 I 

1 rn55 35(? I I 618 I o8 426 00 88 10.0 I 23.9 1.18 so40 

1 l  75 25-3 0.996 4*60 

2.63 23-6 0*929 4.29 

3.50 23.0 0906 4.17 

1.16 105 240 00 426 0~88 KPO 3w3 1.37 1.84 

1 l 75 29.0 Id4 1.53 

2-63 27*3 1*07 la45 

330 I 26* 4 1 l ot 140 

1.17 73 352 oe426 0*88 1 O-0 47d I.85 1.73 

1*?5 3661 142 la33 

3.w 32.0 1.26 147 

o-217 0*8S u.7 1.76 14 

1.75 35.7 l-41 1.31 

3% 32.5 148 lG!O 
I 

1 l oa 53 413 Oa21'7 0=88 12-O 35-2 1*15 1.36 

L-50 2+a 0.978 1*15 



EXPERIMENT'AL RESULTS FOR SINGLE U23' CORES MCOERATED BY HYDROGEN -,HIGH ENRICHMENTS 

Table 5.19 (b) 

Cylinders of Aqueous Solution with Miscellaneous Reflectors 
(See also Tables &13(a), (c), (d)) 

Reference : 10 

Fissile Solution : UOa(NO3);r at 93-3 wt!! enrichment. Solution contained smaL1 amounts 
of exc&s nitric acid, N/U235 atomic ratio = 2.86 

Cylinders 

Reflector 

t & in. thick Type 3s aluminium 

t Aqueous solution of orthophosphoric acid (HJ PO4) containing 
0.465 gm P/CC. 

. 

CORE REFLECTOR 2ELAYED CRITICAL CORE PARAMETERS 
L Y 1 

Specific 
Gravity Solution H/U235 

of Concentration Atomic Thickness Diameter Height 
(gm U/litre) Ratio (in.1 (in.1 

Solution 
(cm) z 55, 

I.55 359 61,s 1.75 10.0 254 7 002 4*& 

2.63 23.6 0*929 . 4.28 

3.50 22e 6 0*890 4*11 

3.50 I 6.0~ 0.63~~ 2097~ 

1d6 105 m 0~88 10.0 34* 6 1.36 143 

1.75 2’>@ 2 1 l 15 1 l 55 
. 

3-50 2t3.3 1-77 MO 
L 

a. Values *obtained with core and reflector enclosed in water 
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E‘Xi’ERII,\EfJTAL RESULTS FOR SItjGLE U235 CORES :KJXRATED BY HYDRXEN - HKH EEIR~WMfX J 

fable %19(c) 

(See 31~0 T&ies 5.19(a), (b), (Ii)) 

Ri? f erence : 10 
. 

Fissile Solution: UO&G03)2 at 93.3 wt.% enrichment. 
Solution contain small amollntz of excess 
nitric acid, i !Q1235 3tomic ratio z 246 

I;Yl inders: 1 r4 in. thiit: 1‘1;rie js al uiniI~iWI . 

Rc=flect=>r: Powdered bi srnu th sub-carbonate (Bi 02 CO3) 
containing 9.52 grn Bi/cc 

c CORE 

SoIuti4n 
Concent.r.3 t iorl 
(g:n U/ii tre) 

3’, 1 c fl , 

1C -1) 

T 
RE FLEil iM 
THICKW3 

(in.) 

1 
-__I_- 

DELAYED CR1 TICAL Cr:)RE 

Dismetcr 
(in.) 

-e 

lo*0 
--- 

104 

12@0 

Height 
( > cm 

-- 

2143 
--____Ic 

33.6 

48*8 

35@4 

33.5 

Height 

4 iamcter 

04358 

24 I 

19 ’ 2 

146 

140 



EXPERIMENTAL RESULTS FOR SIKLE U235 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table %19(d) 

Cylinders of Aqueous Solution with Miscellaneous Reflectors 
(See also Tables %19(a), (b), (c)) 

References 10 l 

Fissile Solution: U02(NO& at 9363 wt.% enrichment. 
Solution contained small amounts of excess nitric acid 
N/U 235 atomic ratio = 246. 

Cylinders: 3 1 in. Thick Type 3s aluminium. 
Reflector: Aqueous slurry of bismuth sub-carbonate (Bi 02 CO3) 

containing 0.85 gm Bi/CC and 09?2 gm &O/cc. 

CORE 

I 
Specific 
Gravity Solution 

*of Concentration 

Solution (gm U/litre) 

147 73 

1.08 
I 

53 

H/u 235 

Atomic 
Ratio 

352 

493 

REFLECTOR 
THICKNESS 

(in.) 

048 

4.50 

4.50 

T 
DELAYED CRITICAL CORE PARAMETERS 

Diameter 

I 

Height 
(in.) (cm) 

12.0 
I 

28e7 

- 

Oa942 

0410 

I  

“235 

Mass 
( kgm) 

1.52 

1.31 

147 



FXPERIMENTAL RESULTS FOR SINGLE 1J23’ TORE5 MODERATED I!Y t i’f LGCH;&N - Ii I Gt 1 ,ENR XCiiMEt;‘l-f> 

Cylinders of 1102 (NO>)1 Solution in iributyl Phosphate Diluted with Kerosene 

Reference t 11 

Ftssile Solution: !Jranium enrichment 92*7 WCC 
All c,olutions have, she formuia IJO2 (?Q) 2 t 

L-50 (Cbt190)3PO: x Cii2.04j 

Cylinders1 Stainless steel, ~-14 cm thick walls, O-9 cm thick 
b;lSC? 

Reflectort Radial reflector only of effectively infinitely 
1.h i ck w;:, Ler 

Solution 
Density 
b3rry’4 

1.369 

1484 

0.969 

CORE XLAYED CRITICAL CORE PARAMETERS 
b T . 

DIAMETER 
Solution . tvU2” ( cd 

Height 

Concentration Atomic 
Height Vo 1 ume 

U’35 
Mass 

(gm U”‘/litre) Ratio (:m) 
/ 

1 i!itres) 
Diameter I ( QP) 

I 
1 I . I 

2804 73-7 a 30=5 21 l >7, 0*77 5 15-91 G-L61 
I 

lG6.7 160.6 209 5 0.473 I U-96 2.195 

Q2 -4 h7.3 
I 

4L -\ -3 Q*732 I 14-27 19507 

0*857 3&7 673.5 &245 I=383 30.76 1490 

o-851 36.15 721-O LZ -9 la4 I 35.68 l-290 
I 

296*2 6796 a 12.7 b >u-9 c C C 1 l -370 ,146 c 
1 1 1 A 

a. ‘These solutions contained no kerosene (x = 0) 

h. A holtow stainless steel tube (1-d cm OoDe; O-09 cm wall 
thickness) introduced aiong the core axis 

c. Believed not to be critical at any height 
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%PERIMENTAL RESULTS FOR SINGLE UL" ORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.21 

Cylinders of Uranium Metal Diluted with Polyethylene 

Reference: 34 

Uranium Enrichment 93.2 wt% 

These experiments were performed on a vertical approach machine. 
The cores were assembled from atternate 0425 in. thick uranium 
discs, and polyethylene discs and the reflectors from 0.3'75 in. 
thick discs, the reflector discs being machine to O+IOO~ in. 
flatness. Core and refkctor formed a 190 in. dia cylinder, the 
core being reflected on the lower end only. 

The reflectors contained 27 discs and were supported, together 
with the lower part of the core containing 9 uranium discs, on 
a low mass aluminium cylinder attached to the lift. The remainder 
of the core was 
diaphragm. 

supported on a OaO19 in. thick stainless steel 

A series of reflectors consisting of a single material or of two 
materials at- 25 ~01% increments, w3s investigated, (see Figure 
5.2). Results indicated that any effect introduced by the non- 
homogeneity of the reflectors was within the total uncertainty 
of the critical mass measurements (f O-3kgm). 

. 
DELAYED CRITICAL CORE PARAMmERS 

REFLECTOR AVERAGE 
COMPOSITION 

Polk) Height Uranium 

I 

Mass 
(k9m) 

H/U ATOMIC RATIO 2-59 

Mild Steel 824 824 
Stainless Steel 79m7 79m7 
Nickel ‘76*4 ‘76*4 

259% Mild Steel 
74a 1% Nickel 

L&2% Mild Steel 
51*8$ Nickel 

744% Mild Steel 
259% Nickel 

25-s Stainless Steel 
74a 1% Nickel 

&3*2% Stainless Steel 
51.6 Nickel 

74d% Stainless Steel 
250% Nickel 

76.7 76.7 

77 l 0 77 l 0 

78.2 78.2 

- - 76.1 76.1 

76.8 76.8 

76-3 76-3 

I H/U ATOMIC RATIO = 4*88 

Mild Steel 
Stainless Steel 
Nickel 

59-6 259% Mild Steel 
744% Nickel 

48Q$ Mild Steel 
5108% Nickel 

744% Mild Steel 
259% Nickel 

25+$ Stainless Steel 
74~1% Nickel 

514% Stainless Steel 
48.2% Nickel 

7491% Stainless Steel 
259% Nickel 

59.5 

5986 

60-l 



EXPERIMEMAL RESULTS FOR .?INGLE U2” Ot lRES MODERATED BY HYDROGEN - HIGH ENRICHMEN 

Table 5.23 

Unreflected Parallelepipeds of Aaueous lJhF2 Solution 

Uranium Enri chment a 9392 wt% 

Containers: Ahminium 

OONTAINER SPECIFIC 
DELAYED CRITICAL PARAMFI-ERS 

1 WALL GRAVXTY SOLUTION H/U”’ T 4 

THIO(NESS OF CONCENTR AT ION ATOMIC Thickness UW Rmwmm 

Un*) SOLUTION 
(gmU”‘/Mtre) RATIO Thickness Width 

(in.> (in.> 
Height 

Volume 

JTZ 
Ma88 

(litred (kgr) 

+ 1 8284 274 P x) 15 cm 38 32 5 . 

1. 342*3 72*4 16 20 20 14*3 cm 36.9 124 5 

1” 8 87-0 293 6 48 2?*2$ in - w 5 19 

1 - b 16 77*9 331 20 20 17.9 cmb 1602~ 3060~ 0, 37 

a. Type 25 ahminiwm 

b. Experimentally determined critical height increased by 0.4 cm to correct for the effect 
of the f in. thick container baee 



EXPERtMENTAL RESULTS FOR SINGLE U”’ mEs KHXRATED BY HYDROGEN - HIGH EFIRICNENTS 

TabAe 5.22 

ParallclcDlDeds of Aqueous UO,F, Solution with Water Reflector 

Ref lectorr Effectively infinltc thlcknems on bottom and sides of-the core to the height noted In the Table 

T 
(XRE 1 REFLECTOf 1 DELAYED CRITICAL aJl?E PAJIAMETERS I 

Spcclflc Solution 
Gravity df Concm;ratlon 

Solution (a U  /m 

532 

’ HEIQiT 
H/P” (see nOt8S Thickness Width 
Abaic prefacino (in.) (in- 1 

Thickness Height - Volume U EFERENCE 

(In.) 4Z (lltrer) 71’: 

OONTAI NERa 
TYPE Uranium 

Enrictmnent 
wt.% 

33.2 

51.5 L69 

93*2 

93.2 

532 

532 

469 

63-6 0, 16 

424 0, 16 

364 0, 16 

36-j 0, 16 : 

3b-6 0, 16 , 

424.3 

35.02 - 

x*91 

3742 

36-73 53=5 
A 
I 

a 

I 

532 56-8 93*2 44-7 L5*7 2.12 50 
I T 

20910 - 

1*100 I 0786 9348 293 6a 40 
. 

049 - - 2,19 
I 4 

a* The Type A container was fabricated In $” thick Lucite reinforced by rtlffeninq 
neakrs also of Lucite, attached to the outsid8. 
wore 50' x 7f x 2~25~. 

The nominal inrldo dlmeneionr 
The thicknesr was altered by Inserting plastic sheets 

l djrcont to one inrldo wrface. Blocks of plastic about 1” square and of 
approxlmte length were placed within th8 slab on 12” ccntras in two diroctionr 
in rn l ttetnpt to nalntrln constant thickness a3 the hydrostatic pressures varied 
with the inner and outer liquid helghts. 

fho Typo B container warn fabricated in in thick aluninium. 



EXPERIMKNTAL RESULTS FOR SINGLE U 233 CORES MODERA'I-ED BY HYDRaEN - HIGH ENRICHMENTS 

Table 5.24 (a) 

Parallelepipeds of Aqueous UO 2 F2 with Miscellaneous Reflectors 
(See also Tables 5.24 (b), (c),) 

Ref’erences : 2, 19 

Fissile Solution: Uranium Enrichment, 93-18 wt$ 
Specific Gravity, - 
Concentration, 
H/U235 Atomic Ratio, 293 . 

Containers: i in, thick aluminium 

Reflector: Styrafoama in two larger faces of core plus water on the 
bottom and sides of the core styrafoam assembly to a 
height equal to that of the Fissile Solution. 

REFLECTOR DELAYED CRTTTCAI> CGRE PARAMETERS 
THICKNESS 

(id 
v I r r 

35 . 
Thickness Width Height l-hi cknes s Volume 

u2 

Styrafoam Water (in,) (in.) (in.) 
Mass 

Are a (litres) h-d 

3 Nil 6 48 22 l O9 

(:I 12.35 

3 6 6 48 -I 0.84 

6 12.35 
1 

a. Styrafoarn is a foamlike form of polystyrene (Atomic composition CH) in which small 
gas bubbles are homogeneously distributed. The bubbles are apparently closed since 

‘styrafoarn does not absorb water. 



EXPERIMENTAL RESULTS FOR SINGLE Uz3' CORES MODERAED BY HYDROGEN - HIGH EMiICHMEmS 

Table 5.24(b) 

Parallelepipeds of Aqueous UOtF2 with Miscellaneous Reflectors 

(See also Tables 5.24(a), (c)) 

Reference: 20 
Fissile Solutions Uranium Enrichment, 40 wt% 

Specific gravity 
Concentration, ?643 gm U235/litre 
vu 235 atomic ratio, 337 

Containersg 4 in. thick aluminium 

REFLECTOR DELAYED CRJTICAL CORE PARAMETERS 
, 

Thickness Density Thickness Width Height Thickness Volume 
u235 

(in.) (gqicc) (in.) (in.) (cm) JiEG (litres) Mass 
( kgd 

. I 

PLEXIGLAS REFLECTOR 
a 

I.0 - 6 47.5 3044 - 56& 4e32 
A 1 

MAGNESIA REFLECTOR 

. 
2.0 0.32 5434 47*5 56-39 - 103*6 7.90 

’ 4*0 0-a 54.97 - lob0 7*70 

60 a a 4844 - 86~0 6e56 

60 0 b 5.84 47e6 49e73 - 

a. Density of 2 in. thickness of magnesia adjacent to core 
0.32 grr)/cc, remainder 044 gq/cc 

b, Density of 4 in. thickness of magnesia adjacent to core 
0.24 gq/cc, remainder 0.32 gIF/cc 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.24(c) 

Parallelepipeds of Aqueous UO?F? with Miscellaneous Reflectors 

(See also Tables %24(a), (b)) 

Reference: 

Fissile Solution: Uranium Enrichment+0 wt$ 
Specific gravity, 
Concentration, 76*28 gm U235/litre 
vu 

233 atomic ratio, 337 

Containers: 

Reflector: 

1 
8 in. thick aluminium 

48 in. x 4.8 in. steel plate placed 
at various distances from the core 

REFLKI'OR 
SPACING 

(in.) 

0 

3.0 
6.0 

12.0 

24.0 

36.0 

Thickness Width 
(in.) (in.) 

5.84 47.5 

DELAYED CRITICAL CORE PARAMETERS 

Height 
( > cm 

55.25 

63.22 

70.49 
81@28 

92.j 

97@13 

Thicknc~s 
JAX 

VJ 1 ume 
(litres) 

-- 

u233 

Mass 
(kgd _I____- 

101 4 7*?4 

116a1 846 

129.5 9438 

149@ 1 lb353 

169.6 12*93 

178e4 13e61 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY HYDROGEN - HIGH ENRICI-MENTS 

Table.%25 

Unreflected Paralleh@Ded$ of Uranium Metal Diluted with Lucite 

Ref erencet 35 

Uranium Enrichment: 93.16 wt$ 

These systems were assembled in an aluminium mattix and, hence, contain Oe165 &/cc aluminium (average). 
The matrix also extended outside the core, providing some incidental reflection. 

Core elements were built up from alternate layers of Uranium and Lucite; the thicknesses of the repeated 
layers are shown in the table as well as the average composition of the core. 

1 

LAYER THICKNESSES AVERAGE 
q/u 235 c/u235 DELAYED CRITICAL CORE PARAMETERS URANIUM ps 

, l  DENSXTY ATCWHIC ATaIC 1 . M A S S  

Uranium Lucite (mm 
RATIO RATIO Area Thickness Thickness oqm I 

(W (in*) ( W  (in4 JArea I 

0*012 45 1 2*12 5.99 3.74 23.5 x 12 1 O-87 - 1064 

0~012 1. ze31 5.99 3.74 - 16 9-26 - 984 

0406 43 1 I.317 12*12 7.57 15 x 11.4 12 - td.2 

oGo2 %  1 0.491 35*4 22*1 15 x 12 lb46 76*61 

0404 i 0.476 35e6 22.3 12 - 16*83 

OGO8 i oa477 35 04 224 12 - 16.89 

0*012 3 049 35.3 22*2 11.65 m  76m78 
. 

0.016 1 0484 35*2 22*0 - 12*06 - 1742 , 

0*022 fa 1 0*494 35.1 230 - 12 - 17*48 

0*030 q 1 0*495 35.1 22.0 12.47 - 18e22 
1 1 1 . A  
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EXPERIMENTAL RESULTS FOR SINGLE U”’ (311RES MODERATED BY HYDROGEN - HIGH EHRICHMENTS 

Table 5.26 

Parallelepipeds of Uranium Metal Diluted with Lucite with Full Lucite Reflector 

Ref erencer 35 

Uranium Enrichmenti 93-16 wt% 

Reflector Thicknesses: Ends, 8-25 in.’ 
Top and bottom, 6 in. 
Sides, see table 

The systems were assembled in an aluminium matrix and, hence, core and 
reflector both contain 0.165 qm/cc aluminium (average). 
Core elements were built up from al ternate layers of Uranium and Lucite; 
the thicknesses of the repeated layers are shown in the table as well as 
the average cornPosition. 

R EFLECTOR 
(See Notes Prefacinq Table) DELAYED CRITICAL CORE PARAMEfERS 

I I 

H/U2”. C/U”” Side 
Atomic Atomic Reflector 
Ratio Ratio Thickness 

I (in.) i 

Average 
Lucite 
Density 
(9fdcc) 

Length 
(in. 1 

tcnclth 

12.2 7*6 
i i 

I 9 1.Oo7 / 6b 

1393 8*3 6 l-048 8*0  14.32 

124 7.6 

12.0 7.5 

26-O 
i 

16.2 

304 I 190 1 

35a6. 22*3 

6 l-037 9 7,s 1841 

6 1.036 10.5 224% 
I. 

7.05 l-030 15 6 7.89 11439 
I 

6-83 l-031 15 6 
I 

8.34 106 

1  

I 
I. 

r , 1  

6.98 l-030 I 15 6 8.04 8*12 
I I” 

* 6-26 t-931 j 15 6 9.48 843 
1 

t ’ 
t 

6.09 19031 15 6 10.26 7*70 
I I c 

6 l-036 15 9 10.5 8.43 

35.3 
I 
22.0 

34.3 121-5 

34*3 21.5 

39.3 
I 
21.4 

34.3 121-5 

34*3 21.5 

6 1 -0u 1 l5 6 IO*5 7.00 

I ~-040 ; 8-O 6.10 
0 

l-040 I 1 8 003 644 

l-048 
j  

8dO 649 
i  

6-12 l-048 ! 8.13 6.21 

i 
6*06 1 a050 

i 
8.39 6.45 

6-06 I*035 ! q*tt 7*;4 
1 I. 

9e11 l-000 / 6 (to*79 1 3.63 
I. 

974 
I I 
6191 8.33 

I 
1 a00 i:5 j 6 / 12.35 ( 3.38 

4 

Average 
Uranium 1 
Density ~ 
(9m/c4 ’ 

1.311 

1.213 

1.109 

0.930 

0.363 

0.452 

O-517 

0*518 

0*518 

o-518 

0.521 

o-532 

O-229 

G-186 

O-138 

Lucite 
(in* ) 

Uranium 
(in*) 

oao6 

0406 

t/16 

1/16 

7/16 

9/16 

t3/t6 

l5/16 

1/16 

j/16 

9/16 

11/16 

Wl6 133.3 
I I 
83a2 tie04 PO=>1 / 15 6 3.47 

I 

a. Reflector thickness on ends averaged to allow for i in. irrqularity 
b. Top reflector thickness 6 ih, bottom reflector thickness 9 in. 
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XPERIMENTAL RESULTS FOR SINGLE U235 CORES GODERATED BY HYDROGEN - HIGH E~JRICHMEIUTS 

Parallelepipeds of Uranium Metal Diluted with Lucite. with Partial Lucite Reflector 

Reference: 35 

Uranium Enrichrnentt 93.16 wt.% 

Ref lectorz 6 in. thick reflector on top and bottom of core only. 

These systems were assembled in an aluminium matrix and, hence both core and reflector contain 
045 gm/cc aluminium. 

Core elements were built up from alternate 0.032 in. thick uranium and l/16 in. thick Lucite 
layers. The table shows the average composition of the core. 

1- 
CORE CORE PARAMEI’ERS 

u235 

C 
I 

Mass 
omm\ 

AVERAtiE 
LUCITE DELAYED CRITICAL _-___ _ ___-_~.___~- 

I 
c/uz3j DENSITY \ 

Atorni c IN Length Height Width Lenqth 

Ratio REFLEmOR . (in.) (in.) (in.) JTET 
(qm/cc ) i-Y”-/ PLI - 

224 0.977 15a 6 ,14+3 - 10 045 
2-w 

2295 la07 I 32 1 6 1 13.06 1 - 1 17.34 0 *I+22 36.0 

0.372 35.7 22.3 ~006 1 / / 17.03 / / 19.96 

0.478 3&o 22.5 1.022 5*24 12 

0.491 

09479 

0*479 

0.431 

0.474 

09473 

09498 

35@9 224 

37*3 23*3 

35d 22*2 

35.7 22.3 

36.2 22e6 

’ 36.1 22.6 

36.2 22.6 

1 l 022 

l-041 

la02 

1*04l 

1 l 040 2*71 48 

1.037 2-69 52*8 

1.041 2% 58a9 

5 

3 

3 

12 

23*03 

28e5 

54 

- w79 

- 1544 

- 17*37 

- 21.5 

- 36d 

- 32e4 

- 35*2 

- 38.5 

a. Reflector overhangs fuel $ in. on both sides 



EXPERIMENTAL RESULTS FOR SINaE U”’ CORES MODERATED BY HYDROGEN - HIG)( EMIIWENTB 

Unreflected ParalleleDiDeds of Uranium Metal Diluted with I&@te and Grmhm 

Reference8 35 

Urrniun enri ctunent 8 9346 wts 

These eystemr were assembled in an alulriniur matrix and, hence, contain 
~165 g&c alumtniun (average). The matrix eiao extended outride the core, 
providing some incidental ref Section. 

Core elements were built up from alternate layera of uranium, Lucite and 
graphite, the thicknesr of the repeated layers are ahown in the table aa woA1 
aa the average composition of the core. 

T  

LAYER THIO(NESSES 
1 I I A AVERAGE H/u”’ I c/u”” 

I-I 
0412 

I 
1116 

I 
oa120 

I 
0.916 

I 
6.02 

I 
244 

0.012 1 1/16 i 0.280 o*518 6.04 48’7 

0*006 1/16 0.280 0*258 12.41 98.2 

0-006 l/16 0*280 0~258 12*41 98a-7 

oa2 l/16 om120 0*337 35.2 51.8 

oa2 1/16 0*120 0*337 35.2 4a*2 

oaO2 l/16 0.200 0*224 35-o 101 l 5 

r -- 
Are8 
(W 

-- 
Thickness 

on4 

2395 x 18.14 

23*5 x 28.02 

18 

2k 

32 x 2b70 2&m 

23.5 x 28*5 28.79 

15 x 15 1549 

15 x 15 16.69 

15 x 21 21 

DELAYED CRITICAL PARMmrnS 
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EXPERIENTAL RESULTS FC43 SINGLE U J” CORES -RATED BY HYDROGEN - HIGH ENRICIWHR 

Parablwdcd@ of Uranium btsl Diluted with LucItQ & GraDhit@, with Full Lucite ROfhctq 

Ro forrnco 2 35 

Urmiun EnrIchznmt2 9346 es 

Thor. ayrtomr were rrmnblod In an rAuniniun matrix and, 
0465 q&c rluriniun ( rvoraqo). 

hence, corn and rofloctor both cmtrin 

Con l lommts mn built up frm rltonrto lryorr of uraniua, lucito md qrrphito; the thick- 
nor8or of the nprted layera an ahcm In the tablo aa uoA1 88 the woraqo cmoaitim of th, 
con. 

REFLECTOR DELAYED ~IfICAL a#E PARA&fERS 

7 7 T 

Layor Thicknearoa Thicknosr 
Avor8qa LucIto 

Hkl”’ C/u”’ Donrity (q&c) . 
,, Aver* 

u’ 39 
, 1 

bnti 
1 Urmiun Attic Atunic r Length bight Width 

UrmIun LucIto Graph1 ta Donrity Ratio Ratio End, a Tw 8nd SId.8 End* 
(In.) (in.1 (in.) JArma ’ 1:;; 

(In.) tin.) (in.) (in ) *Ottan SM.@ 
. (in.) (lnm) 

0*006 5 116 0,280 0.255 124 loo9 -6 1 l 50 1.50 1.021 0*938 23.5 24 24 - 43*2 

OaOO6 l/16 0.280 0*223 12.48 loo*6 -6 4 4 1.021 0.969 21 21 - 37-8 

O*W6 1116 0*280 0*252 12.12 101.2 -6 3b75 3*75 1 *O&2 0964 10 18 - 31 l 5 

OGl6 1116 0.280 0@2u 12.12 101*2 -6 7*50 7.50 1442 l*ml 18 18 * 30.5 

O*W6 I 116 0.280 Oe252 1245 101~5 -6 6938 6.32 1 a042 0962 17*25 174 * 29.0 

b 
O*OC% l/16 oas 8v. 9% 1245 849 Eta25 6 6 1*036 PO36 15 9 10.5 - 21.7 

. . 

8. Larr-donrity 1.5 in. l xton~itn of 6 In. thick nfloctort 8-25 In. and nfloctor thicknom ia l verupd owr 4 in. 
Irnquhrity 

b. Avoraqo of nabudfomly - distributed 0*120 in. thick qraphito 



EXPERIMENTAL RESULTS FOR SINGLE U2= CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS 

Table 5.30 

ParallelePiDeds of Uranium Metal Diluted with Lucite and Graphite, 
with Partial Lucite Reflector 

Reference: 35 
Uranium Enrichment: 93.16 wt$ 
Reflector: 6 in. thick reflector on top and&bottom of core only 

These systems were assembled in an aluminium matrix and, hence, both core and 
reflector contain 0.165 gnJcc aluminium. 
Core elements were built up from alternate 0406 in. thick uranium, & in. thick 
Lucite and 0.280 in. thick graphite layers. 
The Table shows the average composition of the core. 

. 

Average 
Uranium 
Density 
hrrJc4 

0.239 13.0 lob2 

0.239 13*2 10!ja4 

@239 13.2 106.9 

Oe254 12.4 994 
0.254 12.5 99Q 

CORE 

H/u 233 C/U 235 

Atomic Atomic 
Ratio Ratio 

T AVERAGE I DELAYED CRITICAL CORE PARAMETERS 

-~~ - ~~ 
7 

1401 32 
1.032 

Height Width 
(in.) (in.) 

13*5 
12 

9 

9 394 
8 52.6 

29.8 
35*4 

110 

P rea 

, 

1 
935 
Mass 
( k9d 

50.4 

53.3 
12&o 

93.8 
115.9 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY HYDROGEN-HIGH 
ENRICHMENTS 

Table 5.31 

Cylindrical Annuli of Aqueous UO2F2 Solution with Void, 
Unpoisoned Central Cavity 

Reference: 5 
Fissile Solution: Specific Gravity, 1411 

Concentration, 331.4 gm U235/litre 
vu 235 Atomic Ratio, 74.6 

Container: Type 3s Aluminium; & in. thick walls; 
1 ;i in. thick base. 

DELAYED CRITICAL CORE PARAMETERS 
7 

Diameter Thickness ~235 
I. 1 of Height Volume 

Outside Inside Annulus ( ) cm (litres) Mass 

(in.) (in.) (in.) ( WI 
. 

No Reflector 

J 

10 2 4 49@6 a.2 so1 

15 65 l 17.6 19*7 6@52 
6 45 l 29e9 28e7 95 0 

Effectively Infinite Water Reflector on Bottom and Side of the core 
to a heiqht eaual to that of the Fissile Solution 

10 2 4 20.7 10.2 3.37 

4 3 27.6 114 3.90 

6 2 76d 25.0 8qo 

15 2 65 l 13@3 15.0 4*95 

6 45 l 17*5 1643 5.50 
A * A A 



EXPERIMENTAL RESULTS FOR SINGLE U235 CGRES MODERATED BY HYDROGEN - HIGH 
ENRICHMENTS 

Table 5.32 

Cvlindrical Annuli of Aaueous UO2F2 Solution with Void 
Central Cavity lined with Cadmium 

Reference: 5 
Fissile Solution: Specific Gravity, 1.411 

Concentration, 331 l 4 gm U235/litre 
H/U 235 Atomic Ratio, 74.6 

Container: Type 3s Aluminium; & in. thick walls4 
1 2 in. thick base 
Cadmium lines O-02 in, thick 

I 
DELAYED CRITICAL CORE PARAMETERS 

. 1 

Diameter Thickness 
L of Height Volume 

~235 
I 

Outside Inside Annulus ( > cm (litres) Mass 
(in.) (in.) (in.) ( kgm) 

k L 1 
I I 

No Reflector 
b 7 . I 

10 2 4 70.0 34@1 lb3 

15 6 45 0 33e2 31 e9 10.6 

2 65 l 18e0 20*2 649 

I Effectively Infinite Water Reflector on Bottom and Sides of the cord 
to a heiqht eaual to that of the Fissile Solution 

, 
I 

I 

10 2 4 2Oe4 lO*O 3*30 
4 3 31.9 13e6 4.52 
6 2 >120 a a - - = 

* m  A 4 I 4 

a. Extrapolation of reciprocal multiplication curve is said to 
indicate that this assembly will not be critical at any height 
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EXPERIMENTAL RESULTS FOR SINGLE U23s CORES MODERATED BY HYDRQGEN - HIGH ENRICHMENTS 

Cylindrical Annuli of Aqueous UOsF2 Solution with Water Filled, Unpoisoned Central Cavity 

Reference 8 5 
Container 8 Type 25 aluminium; & in. thick walls, 

i in. thick base. 

-w-m 
4 

CORE DELAYED CRITICAL CORE PARAMETERS 
e-q L 

Specific 1 Diameter 1 
Gravity Solution H/U235 ; I . Thickness 

Concentration Atomic of Height Volume 
~235 

of Mass 
Solution (gm U23g/litre) Ratio Outside Inside ( ) cm 

(in-1 (W 
Annulus 

(in.) 
(litred (kgm) 

1 

1*411 

1*411 

la411 

No Reflector 

331 l 4 ?4@6 10 4 3 >14205 - - 

331 l 4 74.6 15 2 65 l 17*0 19.1 6*33 

331 l 4 74*6 15 6 45 0 25.2 24e2' 8.01 

1.425 342*3 72*4 8 

la425 342.3 72e4 8 

la416 

1 l 4ll 

la411 

73.4 

74e6 

74.6 

1.411 

1.425 

1.411 

1*425. 

1.425 

337 

331 l 4 

331 l 4 

331 l 4 

342*3 

, 331*4 

342e3 

3&2e3 

74.6 

72.4 

74.6 

72*4 

72.4 

1.425 

1.425 

b425 

1*425 
-e- 

342.3 72.4 

342e3 72e4 

342*3 '72*4 

342.3 72e4 

10 

10 

10 

15 

15 

15 

15 

15 

20 

20 

20 

20 

Effectively Infinite Water Reflector on Bottom and Sides of 
the Core to a Heisht Equal to that of the Fissile Solution -- 

I 
* 

2 

4 

3 27.10 8*3 2*83 

2 50*0 12*2 4@18 ’ 

2 4 17.8 8*7 2.92 

4 3 23.8 10.1 3e36 

6 2 6&l 2o.9 6e93 

2 65 l 12.9 14.4 4*77 

4 55 l 13e9 14*9 5.11 

6 45 l 16.0 15.3 5.08 

8 35 6 21 l o 17.1 5.87 

10 2*5 4~6 26.3 9.01 

2 95 . 11.4 224 7*79' 

6 7 12*6 23e3 7a96 

10 5 16*4 24*9 &5? 

15 2.5 44*3 39.3 13e4 



Table I, j4 

Cylindrical krnulus of Aqueous 1102 Fa Soluticm with Water Filled Central Cavity Lintid with Ca&iw 

Cmtaimr t Typo 2s alminim: & in. thick wails, k in. thick bar.. 

Cadmiun ALnor O=clp in. thick. 

CORE 01’1.AVED CRITICAL CORE PARANTERS 
r 4 

Spociflc 
Solution I{ !uZ ” DImetar Thic.knos uau 

Grrvl ty . 4 of Ik Lqht REFEREWQ 
Cmcontrrt lm Atanlc VOAW 

Ol (gm u”“litm) outs~do Inside Annul us ( cd (litrer) km@ 
Saluticn Ratio 

(in.) (in.) (in.) (m) 
A . 

No Ref iector 

l-599 181.3 504 10 za 4  101q 494 23e7 21 

1 411 331 64 744 4 138*2 674 22.3 5  

1411 331 l 4 74 96 4  3  >120 b  b b - 5  

1  0599 481.3 50*4 12 2a 5 27.0 19.7 9*s 2l 

1 l lm1 834 - 309 a Lb.2 324 2% 2l 

1 l 5w &ale3 50.4 P 4  >91 b b b - 2l 

1 l 5w Lai 03 504 15 2a 6*5 19.2 21 l 5 10.4 21 

1.411 3314 74 96 1892 20.4 6% 5 

1 *log 034 8  25*8 28.9 242 21 

1  *SW 481.3 504 da 5*5 2&9 26-4 12*7 21 

1 dog .83*6 3cr9 Q*9 454 34 21 

1  9599 401.3 504 6’ d-5 5O.S bad 23e3 21 

1411 331 *‘I 7486 5k3 524 17e3 5  

1 l 10(51 834 309 a  > 91 b  b  b  - - 21 

1 l 5w 481.3 50.4 0a 3-5 >91 b b b - 21 

1399 40193 504 20 fib 7  19*2 354 17a 21 

1 @log 83.6 309 a  
2SeS 47 00 PO3 21 

1399 LB1 93 504 a’ 6  23.1 3993 18.9 21 

14og 83.6 3cr) a 
35 l o  59*6 La96 21 

1999 481*3 504 10" 5 36*3 5S.2 26b6 21 

1 l lo(ll 8396 309 a > 91 b  b b - 21 

1 l 5w 4ai l 3  5091 12a 4 >91 b b b 21 

1.599 La1 03 504 30 15’ 7*5 ia4 6483 31 .o 21 

1 l la1 83.6 309 a  2L*2 824 6.92 21 

1.599 481.3 504 2oa 5 33*6 98.3 LV3 21 
1  1  

t A Inf n  t W8t  r tilv nd Side8 of Core to tieiqht Equal to that of Firr 
v 

1 0599 48193 504 10 2' 4 20.2 9e6 4.7 21 

141 I 331 l 4  7&6 20.5 lO*O 3+ 5  

'1 l lWl 83-6 309 a 
39*1 19.0 1.59 21 



Table 5*34 (Cont'd) 

Specific 
Gravity 

of 
Solution 

I*599 
1 l /+ll 

19411 

1399 

1 l 1051 

1,599 

1~1051 

lb599 

MO51 

I*599 

la1051 

1.599 

MO51 

1*599 

MO51 

1*599 

l-599 

1@1051 

1.599 

1.1051 

1@599 

ldO51 

1*599 

MO51 

I*599 

I*599 

191051 

1.599 

1*1051 

l-599 

CORE 

Solution 
Concentration 

(grn lP/litre) 

Ml*3 50*4 

,31*4 74.6 

331e4 74.6 

481 l 3 

83.6 

4w3 

83d 

481 l 3 

03*6 

48143 

83d 

481e3 

83@6 

481;3 

83e6 

481*3 

4w3 

83.6 

481.3 

83a6 

4w3 

63.6 

481.3 

8396 

4w3 

4819 

83*6 

481 l 3 

83.6 

481*3 

50.4 

309 

5cP4 

309 

504 

309 

50.4 

309 

50.4 

309 

50.4 

309 

50.4 

50.4 

309 

50.4 

309 

50.4 

309 

50.4 

309 

50.4 

50.4 

309 

50.4 

309 

50.4 
--- 

H/U”’ 
Atomic 
Ratio 

DELAYED ~ITICAL CORE PARAMETERS 1 

Di ame ter 

I wide 
(ina 1 

Ia b 

6 

2d 

a 

4a 

a 

,a b 

6" 

4a 

a 

6a 

a 

aa 

a 

1oa 

6a 

a 

fP 

a 

1oa 

a 

12a 

a 

14a 

lja 

a 

2oa 

a 

24a 

a. Height of water in central cavity 48 in. 

t -1 

Thickness 
of, 

Annulu~ 
(in. 1 

3 

2 

5 

4 

3 

6.5 

5*5 

4.5 

3*5 

295 

7 

6 

5 

4 

3 

7.5 

5 

3 

Height 
(4 

m- 

40.9 

45.4 

,120 
b 

16bo 

24.0 

214 

46*6 

48.7 

-- 

Volume 
(Utres) 

-a 

-4 u235 
Mass 
(kgm) 

17.4 8*4 

19.4 6.43 

- b - b 

11.3 lia4 

17.0 1.42 

14.2 6.8 

30.2 2a53 

26.6 12.8 

l&3 in*5 

15.4 16e3 

22.7 24.0 

19.5 18*7 

34.6 33.1 

31.1 12.2 

*1 b -b 

*1 b -b 

I*71 

7*9 

2*01 

9.0 

2m 

25.4 
b - 

-b 

13e3 25a5 Il.8 

18.5 34.1 2.85 

15*0 26.5 1Zm3 

21*4 36.4 3*04 

ISa4 28*0 13.5 

ma4 46*2 3.86 

26.0 33.7 16e2 

88*3 114*5 9*57 

93.3 96.4 46.4 

13.4 

18*1 

19.0 

31.6 

>577@4 

45.8 22.0 

61.9 5*17 

4aa2 23.2 

00.1 6.7 

21 

5 

5 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

h -d. Extrzpolat im af reciprocal multiplication mrvc! is said to indicate that this assembly will not be 
critical at any height 
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EXPERIMENTAL RESULTS FOR SINGLE U ‘35 OORES MODERATED BY HYDROGEN-LOW AND INTERMEDIATE ENRIWEWS 

Table 5.35 

44.6 wt$ Enriched UOPFS Aqueous Solutions 

Reference: 22 

In these experiments the fissile solution was contained in a 12 in. diameter 
stainless steel cylinder, wall thickness & in. The bottom of the cylinder wa8 
dished upwards b in. and a stainless steel tube 1.6 cm O.D., wall thickness 
0.09 cm was positioned along the axis of the cylinder as a .housing for a 28 in. 
long, i in. diameter, brass-walled natural BF3 counter. Three similar counters, 
one containing enriched BF,, were positioned symmetrically just outside the 
cylinder at a radius of 7$ in. 
The radial surface only of the core was reflected by water 9 in. thick. In SOW 
instances a 13 in. diameter, stainlesss steel clad cadmium cut off cylinder warn 
positioned coaxially round the core, in the water. 
Flssile solution was drained from the core by a stainless steel tube dipping 
down to the bottom of the circumferential dishing. 

? . 
CORE DELAYED ~CRITICAL OORE PARAMETERS 

I I I 
Specific 
Gravity Uranium H/U”’ 

of Concentration 
u2M 

Of Solution Atomic Diameter Height 
(W (cm) 

Mass 
Solution 

(dgm) 
Ratio (kg4 

(9dcc) 1 
I 

Without Cadmium Cut-off Cylinder A. 

1 l 247 00 1752 258 

1430 0.1029 493 

1.096 0 l 07764 678 55.15 141 lo513 
I , 

With Cadmium Cut-off Cylinder 

1.247 0.1752 

1430 00 1029 
3 4 
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EXPERIMENTAL RESULTS FOR Uz3’ CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE 
ENRXCHMENTS 

Table 5.36 

Spheres of 30% wt % Enriched UOgF2 Aqueous Solution 

Rkference 8 12 

Spheres 8 i in. thitik aluminium 

Specific 
Gravity 

of 
Solution 

OQRE 

Solution 
Concentration 

(gm U235/litre) 

DELAYED CRITICAL OORE PARAMETERS 

H/U235 
Atomic Diameter Volume 

~235 

Mass 
Rd tio (in.) (litres) 

(kgm) 

No Reflector 

287 

113 

47*8 

24*9 

- 13.75 

- 

- 16 

- 22 

Effectively Infinite Water Reflector. 6 . . 

- 716 

- 44 

- I 32*9 

214 

34.95 

91d 

12 

13.75 

16 

22 

6do3 

2+17 

1.67 

2.28 

la63 

0*991 

145 

1*98 

. . 
l>l 



(PERMENTAL RESULTS FOR SINGLE lJ-’ CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICMEBJTS 

Table 5.37 

Cviinders of 30.3 wt% Enriched UO2F2 &ueous SolutioQ 

Ref ertnce t 23 - 

Cylinders8 Stainless steel; 0006L in. wall thickness, heavy base; fissile solution drain 
line attached at ‘the base (see Figure 5.3). Subsidiary experiments show that 
solutions held in the drain, line affects the measured critical height by 4.1 CIB. 

Reflector: Radial reflector only, >7 in. thick. In some instances a 13 in. diameter strin- 
Less steel clad cadmium cut off cylinder was positioned coaxially round the core 
in the water. The cadmium of the cut off cylinder was 0.09 cm thick and the 
stainless steel cladding 046 cm thick. 

CORE DELAYED CF\ITICAL CORE PARAMETERS 
. 

Specific SoAution vu 233 Height 
Gravl ty Concentration Atomic Diameter Height 

/ 

Volume 
ps 

of (gm U2)‘/litres) Ratio (in.) (4 (litres) Mass 
Solution iameter (kgd : 

. A 1 . 

Without Cadmium Cut-off Cylinder 

. 1 1 
272 824 8 5b9 2.55 16*9 440 

- w 94e2 50-5 2.48 16.4 4*00 

- 220 10596 50.15 2-47 16*3 3.59 

- 203 1 l&B 50.22 2*47 16.3 3*31 

- 170 140a8 I 52.03 2.56 16.9 2m 

- 151 WI*5 5&82 2.70 17.8 2*69 
- 125 195 63.03 3.10 204 2.56 

4 w 272 8le9 12 22.6 0.74 16eosi 4@18 

- 270 824 22.55 0*74 16e42 4u 

- 218 106 22a12 Oe725 16elS 3*52 

- 176 135 22.15 oe725 16e17 2*81 

- 145 167 22.5 0*74 16e42 2*38 
- 96e9 257 a.45 040 17.85 1.73 

- 6699 378 28.62 0.94 20*89 140 

- 57.6 31.65 144 23.10 w3 

- 48-O 532 37*42 le23 a*31 1.31 

- 41*1 622 d7*0 1654 34.31 la41 

- 39*3 651 51.27 1.68 37e42 1.47 
A A 

152 



Specific 
Gravity 

of 
Sohtion 

CORE 

Sotution 
Concentration 

(gm U”‘/litres) 

208 ?6*7 

211 1 lOa4 

141 173 

930 269 

37*9 439 

39.0 657 

31.5 815 

27*3 942 ' 

WJ 233 
Atomic 
Ratio 

Diameter 
(in*> 

16 

DELAYED aITICAL CORE PARAMETERS 

Height 
B ( cm) 

1840 

17.70 

17*95 

19-25 

22.60 

29*54 

37*42 

48.70 

0945 23d 

044 22e9 

044 23e2 

0.47 a*9 
0.56 29.3 
0.73 38e2 

0+2 48e4 

b20 63eO 

With Cad- Cut-off Cylindu 

Volume 
(litres) 

6'74 

La83 

3.27 

2.32 

la70 

I*49 

b52 

la72 

, 

B  176 135 12 24.2 0.795 17d I 3*a 

- 07.0 378 32.2 1 l 06 23ed8 b52 
A A A A b A 1 



EXPERIENTAL RESULTS FOR U a3’ CORES -RATED BY HYDROGEN - LOW AND INTER~DIME ENRICHMNFS 

Table 5 l 38 

Rectilinear Parallelepipeds of 30.37 ut% Enriched UO2F2 cbwoua Solutim 
(Includes Cadmiun Shielded Systm8) 

Reference 8 13 

Firsile Solutim 8 Ccmcentratian, 380°9 gm uraniun/litr@; 

Denrity, 14355 g&c; 

H/U”’ Manic Ratio, 212*4. 
Cmtainer: Material, stainle8s steel; 

Wall thicknera, 049 in. (larger surfaces), 2 in. (sides urd base)/ 

Dimensicns, Height 6 ft. (external) 
Width 4 ft. (external) 
Thickness 3d f O*oQ in. (internal) by both direct meuuummt 
and volune calibratim; me of the larger rurfrces bul@* 
slightly outwards at the cent-. The camera of ttw cmtainerr 
were rarnded dn a radius of 
wards at an angle of about 1 

3 in. rrd ttm b&tam alopd a 
to the haritmtal to ma c-r 

at which fiasile rolutim entered by l 1; in. dlr. @tubpip. 
A 1 in.oD, ; in. ID spuge pipe dippd dsnr to the bna of t?m 
cmtainer 8 in. off centre and a eight glare md acrlo w1p, 
fitted at me edge. 

These l qmrimerkr were performed with the ccntainer bolted to a support frmeuaalt 
attached to a steel table. The distance between the cent- of the l xtemal baae of tb; 
cmtainer and the table top was 11 07 in. One of the two larger mufaces of the cm ru 
reflscted by a ‘back reflector’, 
lene or cmcreteb 

cmsisting of either graphite (density 1.65 gm/cc), polyethy- 
and the frcnt surface by the materials specified in the table. T)n edges 

of the core were unreflected. 

FRONT REFLECTOR DELAYED QRITICAL CORE PARAE’TERS 

Materirl Thickness 
(in.) ?;YJ cc 

Height Thicknera 
(in.) Jli;rs;; 

g in, Graphite Back Reflector 
(See notes prefacing Table) 

Unreflected 

Mild Steel’ 10.8 

Polyethylene 8@35 

Polyethylene~C&aiund 10 

Cmcrete b 16.56 

Cmcrete /CidlliUll W  16.6 

High density, y ray 882 
shield ‘barytes cmcrete 

Jabroc (a wood product) 8.74 

Beechwood lo*67 

16 in, Graphite Back Reflector 
‘(See notes pxefuing Table) 

7.79 

0.93 

0.93 

2@3 

2.3 

3.6 

Subcritical 

18.3 

31.37 

Subcritical 

20.7 

31 a6 

22e3 

1 a32 24.57 

0.735 2747 

Concrete b 16*56 

Concrete kadmitn b,d 16.6 
. 

8 in, Polvethvlene Back Reflector 
(See notes prefacing Table) 

2-3 18.3 - 

2*3 24*69 

2.3 Subcritical 



Table 5.38 (cartd.) 

I DELAYED CRITICAt CORE PARMETERS 
I 

Mateti al Thickness Height Thickness 
(in.1 f*,";"r m cc (in.) 7z- 

Mass 

I I 

9 in, Concrete Back Reflector 
(See notes prefacing Table) 

Concrete b 20.2 2.3 374 - w 
A I I 

18 in. Concrete Back Reflector 
ISee notes prefacing Table) 

L L I 

Concrete b 20.2 - 2.3 3782 - - 

a. Density 0.93 gm/cc 

b. AERE, UKAEA Spcificaticn No. 338, Issue I, 
made fran clean granite aggregate, 
density 2*3 gmhc 

c. BS 15 No. 1 Quality, density 7m87 gm/cc 

d. 0.031 in, thick cadmiun sheet between corn 
and reflector 

. 
155 



In the original document, Tables 5.39 and 5.40 each appeared on a 
single foldout page numbered 156 (Table 5.39) and 157 (Table 5.40). 
These two tables are reproduced on the next 5 pages, Table 5.39 on the 
first 3 and Table 5.40 on the last 2. The column headings appear on 
each page, where appropriate, for convenience. 



EXPERIMENTAL RESULTS FOR U2” CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS 

Table 5.39 

3044 wt% Enriched UO2 Paraffin Wax Mixtures with Sinqle Material Reflectors 
(Includes cadmium shielded systems) 

In these experiments the cores were rectilinear parallelepipeds assembled from tablets of the fissile 
mixture 1 in. square and either 1 in, ) in. or : in. thick. 
pressing the’1 in. 

The lower density cores were obtained by 
cubes with seven cylindrical holes in one direction. Subsidiary experiments showed 

that the effects of neutron streaming through the holes on the critical mass of the reflected cores 
was negligible. 

FISSILE MIXTUREa DELAYED CRITICAL CORE PARAMETERS 

Average 
\verage (J233 H/U2” Thickness 

lensi ty Density 
Atomic 

Area Thickness 

(cm) 
(9m/4 

Ratio (cm) 4: Mass 

No Reflector 

id26 16*3 30.48 x 3od8 2840 

0*608 39*5 27a94 x 27894 2348 

o-331 8la6 25dO x 25dO 2342 
k 

8 in. Thick Polyethylene Reflector. (density 0*919 qm/cc) 

. 

0*754 x 1*569 8*2 30*48 x 30.48 35834 
33~02 x 33.02 29.87 

id26 16.3 22a86 x 22e86 I+68 
. 

0~48 x id26 27*94 x 2F94 284io 

0408 39*5 15*24 x 15.24 40.66 
20.32 x 2@32 17958 
27*94 x w94 11.52 

0.331 8b6 15Q4 x 15*& 31*60 - 
- 17*78 x 17.78 20907 

20.32 x 20.32 25*&I x 25.60 ::'E . - 

0.746 x 0.331 2246 x 22.86 26931 



u 
I 

I 
u 

I 
I 

I 
I 

I 
I 
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LXPERlh’t:NrrU. RESULTS FOH tJ2” CURES MODERATED BY t lYDflOGEN - L O W  AND INTERMEDIATE ENRIC‘tIMENTS 

jOa wt% Enriched 110~ Paraffin Wax Mixtrlres with Composite Reflec:tors 

(Includes cadrll ium shielded systems) 

Ref 1,rence: 30 

In these experiments the cores were rectilinear p.trdllelepipeds assembled from tablets of the fissile Inixture 
1 in. square and either 1  in., ) in., : in. thick. The lower density cores were obtained by pressing the 
1  in. cubes with seven cylindrical holes in one direction. Subsidiary experiments showed that the effects of 
neutron streaming through the holes on the critical mass was negligible. 

Only one of the two square faces of the core was reflected by the reflector specified in the rdblt!, ttr~ 
remaining faces being reflected by an t3 in. thickness of polyethylene, (density 0*919 gm/cc). 

I 

:/ 

I FISSILE MIXTUREa REFLECTOR (see notes prefacing Table) DELAYED (RITICAL OORE PARAMETERS 

Average 
u”’ 

Density 
(9m/cc) 

H/lJ2” 
Atomic 
Ratio 

fhi ckness Density 
(in* 1  (9m/cc) 

Area 
(in.) 

Thickness 
(in- 1  

8.0 x 8-o s-41 
7-o x 7-o 9.29 
9-o x 9-O 12-29 
9-o x 9*0 9*48 

9-o x 9-o 
co x 8-o 
7-O x 7*0 
9-o x 9-O 
9-o x 9*0 

‘1-82 
6.98 
7-97 

lo-46 
8*05 

8*0 x co 7-59 
7~22 
6*97 
6*9G 
6-92 

7-O x 7.0 e-53 
8-18 
7-97 
7*93 
7% 

8*0 x 8~0 79% 
7.0 x 790 Et-74 

9*0 x 9.0 7-62 
8*0 x 8-o 6a82 
7*0 x 7.0 7e78 
9.0 x 9.0 10.17 
9.0 x 9.0 7*86 

8*0 x 8.0 7902 
7*0 x 7*0 7*93 

a*0 x 8.0 7*97 
7eo x 7-O 8*76 

Average 
Density 

,-- 

Material 

0408 3995 
o-331 81.6 

00'746 x 0.331 81*6 
O-243 82*0 

w Unreflected ,-I 

id26 16-3 
0 l 608 3995 
0*331 81-6 

o-746 x O-331 81-6 
09243 82*0 

Water 8.0 

1 l o 
2*0 
4.0 
6*0 
8-o 

1-o 
2.0 
4-O 
6.0 
8*0 

0408 

O-331 

39-5 

81-6 

0*919 Polyethylene 

o-608 39a5 
0.331 81 l 6 

Polyethylene/Cadmium 8.0 0 -919 

Perspex 8*0 1.193 

Paraffin Wax  890 Oe86 

1.126 16.3 
O-608 39*5 
09331 81e6 

0*746 x 0*331 81.6 
o-243 82.0 

0408 39.5 
o-331 81*6 

o-608 39-5 
0.331 81-6 

Paraffin Wax/Cadmium 8-O o-86 



FISSILE UIXTIJHEd 

::::;::I 

--. , 

0  l  6 0 8  

0.331 
--- -- 

0*608 
O-331 

0408 

0*331 

81-6 81-6 Concrete Concrete ( *)b ( A)b 84 8.0 2*37 2*37 7ao 7ao x x 7*0 7*0 8403 8403 

81-b 81-6 Concrete (A) 
b 

Concrete (A) /Cadmiumc b /Cadmiumc 890 890 2a37 2a37 7*0 7*0 x 7ao x 7ao 848 848 

39*5 39*5 Concrete Concrete (B)b (B)b 8.0 8.0 2e37 2e37 8a0 8a0 x x 8.0 8.0 746 7.16 
814 81.6 790 790 x x 7.0 7.0 8906 8906 

39*5 39*5 Concrete (B)b/CadmiumC Concrete (B)b/CadmiumC so 

go 

. 2a37 2a37 8*0 x 8a0 8*0 x 8a0 7*62 7*62 
81*6 81*6 7*0 7*0 x x 7.0 7.0 848 848 

81 l 6 Beechwood (A)b 8-0 0.69 0.69 7-o 7-o x 7-o x 7-o 8~x1 8~x1 
- .-- I I .-- .-- 

81-6 Deechwood ( A)b/Cadmiumc 8-O o-69 o-69 ‘7.0 x 7-O ‘7.0 x 7-O B-78 B-78 
-~-- -~-- .- .- 

39.5 Beechwood (H)b 8-o o-68 o-68 8-o x Be0 8-o x 8*0 ‘7-31 ‘7-31 
81-6 rpo x 7-o rpo x 7-o 8.24 8.24 

---- ---- .A---- .A---- -.---..--I--e----- t--- -.---..--I--e----- t--- 

39-5 Beechwood (B)b/Cadmiumc 8*0 0.68 8.0 x 8.0 7.90 
81.6 7.0 x 7*0 8.81 

39-5 

81 l 6 

.Jabrocb 
(A wood product) 

8*o x 8*0 640 

8.0 x 84 7*76 
A 

H/U2 )’ 
Atomic 
Ratio 

I 
REFLECTOR (see notes prefacing Table) DELAYED (XITICAL. CXXE PARAMETERS 

hhteria1 
Thi ckncss Density Area Thi ck ness Thickness -p 

(in* 1 (sm/4 (in*) (in*) dz- Mass 
I 4 

Ttw composit ion of the fuel mixture corresponding to the variolls H/U”’ 
a’ (in 10” nuclei/cc)r 

atomic ratios is given in the following TnMe 

t 
u/u235 

Element - 7 
16a3 39.5 81.6 82.0" 

#Contains added pile quality graphite 

b. The composition of the concrete, beechwood and Jabrox reflectors is given in the following Table (in 10” nuclei/cc): 

Hydrogen 
Carbon 
Nl trogen 
Oxygen 
Sll icon 
Potassium 
Calcium 

Concrete A I Concrete B I Beechwood A --I Beechwood R Jabroc 

1.23 
0*034 

4% 
la0 
0*006 
0.423 

I 

1.36 
o*ojo 

4G5 
19743 
0~008 
0*291 

2.65 3*m 4*9 
140 1.77 3.26 
04022 04021 oeoQ49 
lb23 1*35 2*12 

O&l3 O& 0*;39 
04008 O*ooo9 o*oo19 

C‘ 04M5 in. thick ca&ium beg-n co- ard tk reflector specified in the Table, (bt not between the care and tba 8  in. 
tbkk polyethylefbe reflector bn the rbuining cox8 surfacer). 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS 

Table 5.41 

14.67 wt % Enriched UOzSO4 Aaueous SolutioQ 

Reference: 36 
Core Geometry: Spherical; $ in. thick Type 347 stainless steel container 

r 

Specific 
Gravity 

of 
Solution 

CORE 

Solution vu 235 

Concentration Atomic 
(gm U235/litre) Ratio 

37.8 

38.3 

3ga3 

647 

638 

638 

49.2 

5oa8 

497 
f 

481 

Geometry Material 

Pseudosphere a 

Pseudosphere a 

cube 

cube 

cube 

cube 

graphite 

graphite 
(against core) 

Be0 12 in. thick 2.7 

cube graphite 48 in. 1.67 0.760 

REFLECTOR 

Be0 

Be0 
(against core) 

Outer Density 
Dimensions hw> 

-36 in. dia. 2.7 

-36 in. dia. 2@7 

24 in. 2*7 

18 in. thick 

18 in. 

DELAYED 
CRITICAL 

$35 

MASS 
’ k3d - 

0.565 

0.572 

t 
0.573 

0.735 

a# Supported on 12 in. thick graphite plate 



EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERAED BY 
HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS 

Table 5.42 - 

4 89 wt % Enriched UO7F7 Aaueous Solution 0 

Reference: 6 

Core Geometry: 27.3 cm dia. sphere; aluminium con- 
tainer with a 3 in. dia. solution feed 
pipe attached at the base 

Specific 
Gravity 

of 
Solution 

CORE 

Uranium 
Concentration 

of SolutTon 
H/u 233 

Atomic 
Ratio 

No Reflector 

DELAYED CRITICAL 
CORE PARAMETERS 

UZ35 

Mass 
( kgm) 

. 

le56 0.3161 1012 172 446 
I 

Effectively Infinite Water Reflector 
I 

I 

la52 oa34 1113 171 3m 
I A 1 . 1 

159 



EXPERIMENT RESULTS FOR STN(3LE U2” CORES MODERATED BY HYDROGEN - 
LOW AND INTERMEDIATE ENRICHMENTS 

Table 5.43 

Cylinders of 200 wt %  Enriched UF&araffin Waxa Mixtures 

Ref erencer 25, 38 

The fissile mixture used in these experiments was prepared from UF4 with an average particle 
size of 150 microns and no particles greater than 300 microns. Subsidiary experiments show 
that the effect of particle size on reactivity is small. The homogenity of mixing is also 
verified by analysis. 
The cores were pseudocylinders assembled from tablets of the mixture that were 1, 2 or 
4 in. square and ), 1, 2 or 4 in. high, and clad in o*0oO8 in. thick aluminium foil. The 
core cross sections corresponding to various diameters are illustrated in Figure 5.4, the 
diameter being evaluated on an equal area basis. The critical dimensions given in the 
table are nominal, i.e., they represent the combined thicknesses of the fuel blocks. 
Horizontal dimensions should be increased by 061% and vertical dimensions by 0*439 to 
obtain the actual dimensions of the core. 
Each core was penetrated by four aluminium control rod guide tubes. 
The cores were supported on an aluminium honeycomb table consisting of a horizontal stack 
of 3 in. square x 6 ft. long Type 2s aluminium tubes, wall thickness 0*047 in. Where 
required the top two layers of cells in the honeycomb could be filled with Plexiglas blocks 
forming a 6 in. thick reflector of average composition 914 vol. $ Plexiglas, 6.2 vol. 5 
aluminium. 

1 

FISSILE MIXTURE DELAYED CRITXCAL CORE PARAMEI’ERS 
7 

Uranium H/U2)’ 
Density Density Atomic Diameter Height 

b!hc) Ratio (in.) (in.) 
1 I 1 I 

No Reflector 
7 I 

3*93 2*6 294 24 54ao * - 21.0 

28 26.7 - - 14.1 

32 21*7 - - 14.9 

40 l7*9 19*5 ' - - 

. 
5 Ln,mluminium Refleaor on Core &ttom and 6 in. Paraf on TOD a d Sides fin n 

4.5 3a1 

3.93 2-6 

195 zd 

29 

31 

36 

44 

294 20 

24 

28 

32 

44 

50 

23*1 

17.9 

13.7 

12.8 

124 

8.9 

9.5 

lOe7 

16.6 

204 

1 

a. Atomic Composition C,5 H5 2 

160 



EXPERIMENTAL RESULTS FOR SINGLE Uz35 CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS 

Rectilinear Parallelepipeds of 2*GO wt $ Enriched UFb/Paraffin Waxa Mixture 

The fissile mixture used in these experiments was prepared from UFh with an average 
particle size of 130 m!crone and no particle greater than 300 microne. Subsidiary 
experiments show that the effect of particle size on reactivity is small. The homogeni ty 
of mixing is also verified by and\ysis. 

The cores were assembled from tablets of the-mixture that were 1, 2 or 4 in. square- 
and ), 1, 2 or 4 in. high, and clad in 0*008 in. thick aluminium foil. The critical 
dimensions given in the table are nominal, i.e. they represent the combined thicknesses 
of the fuel blocks. Horizontal dimensions should be increased by 061% and vertical 
dimensions by 0045% to obtain the actual dimensions of the core. 

Each core was penetrated by four aluminium control rod guide tubes. 
The cores were supported on an aluminium honeycomb table consisting of 3 horizontal 

stack of 3 in. square x 6 ft. long Type 2s aluminium tubes, wall thickness 0*04’7 in. 
Where required the top two layers of cells in the honeycomb could be filled with 
Plexiglas blocks forming a 6 in. thick reflector of average composition 91*6 voi.% 
Plexiglas, 6*2 vol.% aluminium. 

I FISSILE MIXTURE DELAYED CRITICAL OORE PARAMET ERS i I r . a REFERENCE 
Uranium H/U”’ 

Density Density Atomic Base Height Heiqht Volume 
u23Y 

Mass 
(d=) Ratio Dimensions Jiizr (litres) 

(kd -- I 
No Reflector_ 

4-5 3.1 195 71.5 ecrn x 71.3 cm 94.1 b cm 0 ,b -b 24, 38 

764Scm x 76*65cm T&I ’ cm A 0 c 24, 38 

86*75cm .x 86075cm_~6&7 cm d 

-t: 

d A u, 38 
-0 c-d 0 

3.93 2.6 294 22 iTx-22 i n. 48.0 in. ; 2DO 25,.38 

24 in.x 24 in. 31.2 in. 5.5 25, 38 

28 in.x 28 in. 22*7 in. l5*3 25, 38 

36 in.x 36 in. 18.1 in. 0 20.1 1 25, 38 

I 2*2 I 404 I 26 in.x 26 in. 22.1 in. I I 24 I ' 104 26, 27 

6 in. Plexiqlas/ALuminium Reflector on Core Bottom and 6 in Paraffin on TOP and Sides -- . 

21 in.x 21 in. 21.6 ino / - j 156 i 6.9 / 26,. 27 _ -_ 

6 ix Paraffin Ref!ector on TWO Sides Only 

22 in.x 22 in. 

24 in.x 24 in. 

28 in.x 28 in. 

29 in.x 29 in. 

36 in.x 36 in. 

18 in.x 18 in. 

20 in.x 20 in. 

24 in.x 24 in. 

28 in.x 28 in. 

36 in.x 36 in. 

U in.x U in. 

4&G in. 

3193 in. 

22.9 in. 

21*6 in. 

17*3 in. 

22-O 25, 38 

18*4 25, 38 

0 l&4 25, 38 

184 25, 38 

22.9 25, 38 

53.0 in. 

29*2 in. 
1995 in.e 

16.2 in. 

13.5 in. 

12e3 in. 

I I - 

I - e 

I - 

25, 38 

25, 38 

25, 38 

25, 38 

25, 38 

25, 38 

de5 I 3.1 195 28 in.x 28 in. 31-O in. I - I b 24-9 25, 38 
1 I 

6 in. Paraffin Reflector on All For?r Sides 

I , 
4*5 

i 
3*1 195 28 in.x 28 in. 27.1 in. 1 - 1 21a7 25, 38 , 

3 in.x 29 in. 26 in. 1 22.3 25, 38 
h 1 

161 



Table 5.&L (Cont’dl 

f 8 FISSILE MIXTURE I DELAYED Cl?fTICAL CORE PARAMETERS I 
1 

Utanium n/u2 )’ 
Density Density Atomic Base Heiqht I u235 REFEmcE 

Dimensions Height 
(dC4 Ratio J7iGT 

Volme 
(litres) Mass 

(wd 1 

6 in. Plexiqlas/Alu&nium Reflector on Core Bottom and 6 in. Paraffin on 7’0~ 
Sides Unreflected 

L.5 3a1 195 29 in-x 29 in. 29in. - 24.9 25, 38 
I 

Atomic composition C4i52 

Aluminium honeycomb shown by subsidiary experiments to reduce 
measured critical height by 0.89 cm 

Ahminium honeycomb shown by subsidiary experiments to reduce 
measured critical height by 0.77 cm 

Ahminium honeycomb shown by subsidiary experiments to reduce 
measured critical height by O-63 cm 

Control rod guide tables shown by subsidiary experiments to 
increase measured critical height by i in. or 1*25% 



F;<PH4IMENTAL RESULTS FM SINGLE U"" c-GR IIS M@DI:,R A?‘ ItO I\Y HYDROGEN - LOW AND INTERMEDIATE ENRiCHMENTS 

Cylinders of le42 Atomic $ Enriched UF&araffin Wax Mixtures 

in these experiments the cores were pseudocylinder assembled from tablets of the fissile 
mixture with dimensions of 6 in. x 3 in. x 1 in. or 3 in. x 3 in. x 1 in. (a small number of 
blocks of sub multiples of these sizes of 1 in. and $ in. thickness Mere also used)'. The 
core cross-section corresponding to one diameter is il\rMxated in Figure 5.5. 

--a 

FISSILE HLXTURE DELAYED CRITICAL CORE PARAMETERS 

Density Uranium ti/U23’ 
Density Atomic Diameter Height 

( gm/cc > (gm/cc) Ratio (cm) (cm) 
- 

‘No Reflector -- 

' 2.5 42la8 1074 lQ&7 ' 1 l Ol 980 2*41* ! 28 

1164 91.8 0.789 977 I 2.43 28 

124.2 844 o-681 1 1025 
I 

2e55 i 28 

131.4 79.3 O-604 f lo76 2.68 28 

3 l 35 2@15 570 1073 112-9 1*050 I 1321 2G?o 29 

124.4 87.0 0493 1057 2m 29 

136.4 78.4 0.575 1145 2d6 29 

d 

I I A  I 1 A  3 

3.35 

8 is Thick Polyethylene Reflector, (density 0.92 m /ccl 

2.5 421.8 91.9 1164 147 773 1.92 28 

10791 82.5 O-770 744 1.85 28 

138.0 63.6 0.461 951 2a3? 28 

2d5 570 92.3 126.2 1 l 37 I 141 29 

107.5 87.5 Oe814 793 1 l 70 29 

124.4 72.9 0.586 886 1*90 29 
L 



Rectilinear !)aritlleler,ipeds of 1  -I+:! Atomic %  Enriched UF&araf fin Wax Mixture 
with ‘Jirrqle k)LeriJl Reflectors 

(See dso rihhs V.ZY, 9.31) 

In these experiments the cores were assembled fran tabletr of the firsile mix- 
ture with dimensions 6 in. x 3  ii. x 1  in. or 3  In. x 3 in, x 3 in. ( a small 
number of blocks of s&multiples of these sites of 1  in. and i In. thickness. 
were also used) 



EXPERIMENTAL RESULTS FOR SINGLE U 235 CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS 

Table 5 .L7 

Rectilinear Parallelepipeds of ‘I.42 Atomic 5 Enriched UFA/Paraffin Wax Mixture with Composite Refle’ctor 

(Includes cadmium shielded systems) 

Reference: 29 - 

Fissile Mixturet Density, 3.35 gm/cc 
Uranium density, 215 gm/cc 
H/U235 atomic ratio, 570 

In these experiments the cores were assembled from tablets of the fissile mixture with dimensions 
6 in. x 3 in. x 1 in. or 3 in. x 3 in. x 1 in. (a small number of blocks of submultiples of these 
sizes of 1 in. x + in. thickness were also used). 
Only one 45 in. x 45 in. face of the core was reflected as specified in the Table. The other 
45 in. x 45 in. was reflected by 8 in. thick polythylene (density 0.92 gm/cc), and the remaining 
faces were unreflected. 

REFLECTOR 
(See notes prefacing Table) DELAY ED CRITICAL PARAMETERS 

Den&y Thickness 
bdcc) (in4 

Thickness Area Thickness 
(in*) (4 

Material Mass 

Unreflected None 45 x 45 SO*6 

79*1 

784 

77.1 

76.6 

76.7 

79.1 

78.1 

77.2 

7&l 

75.7 

75.7 

78.5 

78*3 

75*9 

79.3 

Polythene 0.92 45 x 45 

45 x 45 2*3 1 

2 

3 

5 

8 

10 

Concrete 

Concrete/Cadmium a 2a3 4 45 x 45 

8 
, 

4 45 x 45 Jabroc 
(a wood product) 

4 I Jabroc/Cadmium a 45 x L5 

a. OeO3 in. thick cadmium between core and the reflector specified in the Table (but not 
between the core and the 8n thick polyethylene reflector on the opposing core surface, or 
on the unreflected core surfaces). 



EXPERIMENTAL RESULTS FOf? SINGLE U”’ CORES MODERATED BY HYDROGEN - SYSTEMS WITH HETEROGENEOUS POISONING 

Table 5.48 

Borosillcate Glass Poisoninq 

Reference: 31, 39, 10 
Flsslle Material: UO&O,)~ at 92-6 wt4 Enrichment 

These experiments were performed with cyAindrica1 containers of an aqueous fissile solution Into which the gAaw was introduced 
in the form of Raschig ring packing. In most instances the level of the solution had to be raised above the packed section of 
the cylinder to achieve criticality. A number of results were obtained with the core clad in 0*032 in. thick cadmium, 

FISSILE SOLUTION GLASS PACKING 
T 

DEIAYED CRITICAL PA- 

Size of Rings Glass 
TYPE Content OF 1 ’ Boron 

XLINDER a Specific Uranium H’Ua” Outer Content of Glass b 
Inner Packed Diameter Solution 

Gravity Concentration Atomic 
Ratio Dia. Dia. Length ‘J f Height Height 

Wlitr*) 
Glass Section 

of 
Cyl I nder 

(in.) (in.) (in.) (wt 4) w v on-, On-) On.) 
1 

No Reflector 

I I T 

A 415 59 I*50 1.25 1 l ‘lo 0*5 c WO 20 21*4 1046 

0.625 0.43 0.625 3.9 d X-0 27*2 32.69 
4.0 b 21-o 33.6 3e67 

1-50 1e25 1 l ‘70 4.1 d a-1 
I 

35.6 43 ‘32 
5*7 e 21*1 34m6 a*03 

A ’ - 141 191 130 1a25 140 0.5 %-O 21-o 25.63 

D o-5 c a.0 27 -0 25.63 

A 4.7 d 24-1 396 a-47 

D - ',4*4 290 l*so 1.25 1.70 065 c X-0 27 -0 2646 

D 63-3 436 l-so 1.25 t-'10 0*5 c 24-O I t 27-O 28.23 
I 
, 
' . B - 413 59 d.0 f a.9 30 35.9 39-V 
T 
1 

C 41 5 59 wo 1*25 1 -70 5.7 e X*1 ts 30-O 34-31 

5.7 e 21-l G-5 44-u 
(Subcmi~ 

Cal; 
8 I 

Effectively Infinite Water Reflector on Bottom and Sides-of Core 
to a Height Equal to that of the Fissile Solution 

I I 

A 415 59 I*50 la25 1.70 0.5 c a-0 a a*4 0% 

Om625 0*43. 09625 3.9 d 30-O 27*2 32.7) 

4.0 f 2l.o 33.6 30-a 

4.0 f a.9 33.8 38'53 

1*5Q i-25 140 4.1 d a-1 35.6 60-w 

5'7 * a-1 34.6 u-66 
1 
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Table 3-U (Contdl 

I- 1 I ‘DMp cmTIcu PAMmTms 

Size of Ringa Olna 
Cmtmt 

of Dlmotar GA888 b 
PUkd Height 

soctioa 
of 

Cyllndor 
(e S) On.) (h) 

201 35.6 

2LeO 21.0 

b0rOtb 
content 

of 
Ohm 

(wt 3) 

TYPE 
W  

cnuam 

spui tic 
Gtrvlty 

Urrnim 
Conc~tr8tton 

solutlorr 
Hal*t 

W .) (qr/litro) 

4.1 d  279 92 A 

A 

D 

0.5 b  
191 21.95 

2549 
- 

D 065 b  260 51 94*4 

D 0@5 b 63e3 

B 35-9 

5@0 

415 

C 415 1950 1.25 

i I 

l-70 59'7 * 

5*7 * 

59 

8. The Type A cyAindor wag rtain1ers rteol with & in. thick ~11s and i in. thick baaa 

The Typo b cylinder wma rAuriniu with h in. ~811s and f in. thick baas 

7’ho Typo C cylinder -a l tainloam stemA with i in. thick rrAim and a wry abllou, i in. thick 
dtahod kre 

m0 Typo  0  cyAind0r ~8  th0 Typ A cyAifd*r chd  in 0.032 in. thick mdriu 

6. R8dcm hroqnbrit iea in the top rurfso of the rifq bd lntrducd l n uncut&&y of f *3 In. 
in this noaur-t 

C. Klmblo Mara Co. Typa R-6 

d. KhbAo OAaw Co. Type KG33 
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CHAPTER 6 - SINGLE PLUTONIUM CORES MODERPTED BY HYDROGEN 
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Uruoflacted Spheres of Aqueous Solutions - Vnpaisoned 

Firsilo Solutionsa Plutonium dissolved in excess aqueous nitric acid. 
Certain of tJw.solutions wn contaminated with -11 quantities of iron. 

Sph8CWS8 Stahlor stwl. 

-. 

SPHEfE 
UNL- 

MIcKtESS 

0*044 in. 

0.116 in. 

0*ll6 in. 

O-044 in. 

0*050 In? 

- 
SOLUYZON axumTRATION ldw 

OONTENT 
OF 

‘LUTONIlU 
(4 

Vh 
ATCMIC 
RATIO 

221-S a 

221-5 d 

27j*3 a 

353*9 b 

. 

Water 
(gqatrt) 

t tydmgeo 
Ion tZ+ 

(gm ior)/litr8) 

Total 
Nltrrte 
Ion NO, 

(9aJlitrc) 

260.6 l 

260*6 ’ 

179*9 a  

227*C l 

I  

1*1956 i 43-20 i 40 18 281-8 

163.0 

180*0 

lcB*L 

lod*C 

443 285 035 

3949 rwa 16 

2-r) 14841 

l-66 125*6 

1 .s60 la7878 

1431 93*n 

om935 7642 

OF 
SOLUTION 

Plutonim 
(Qdlitre) 

Iron 
(grp/litre) 

. 

o* 179 

o- 141 

o-137. 

0423 

O-0389 

O-135 

0.126 

O*lrn 

Volme 
(litres) 

iii 3neter 
(in-) 

16 
(Notxinal) 

1 

2.619 ’ ! 1, 2, 3 85694 l 

856-c l 

094-o l 

891.7 l 

2414 c 

2460 c 

1*710 c 

l-d83 

I 

1-302 

1-303 

1.237 

19194 

1, 2. 3 

1, :. 3  

1, 2. 3  

4  

.: 

4  

4  

4  

4  

4  

4  

4  

4  

4  

4  

J 

4 
u 1*13x 

blJ96 

1 *@ml 

1*@61 

1.1816 

1 al472 

l=lW 

14wc 

14860 

147788 

14662 

18 
(Nominal) 

49.0 1.347 

t -235 

1.167 

1473 

l-132 

I.140 

1 l 095 

•~ Plutoni~ raid to ba In trtrrvrlmt form, Pu(~&), 
b. g)/litre 

Co These l rperi-nts wte pwfoznd mith 8 rphero of ftxed volmo 23.22 litter and with supporting necks attached at top and bottom. 
prtort0ir 8t0 l rtlutod by orts~polrtion of roclpmcal mdtlplk8tion cum8. No correction 1s rppllod for the change In (powty uMch wuld bt 
-@red to contain th l rttapohted veluv~ l&r ata coztwtionr hppllw! fot the supporting neck) ot other Incidental reflectors, (see Ftguto 6.1) 

d. Typr 347 rta~nhss atml $p?we dth ) in. 00 solutlocr food plpa l ttrchoj to the bottom and rupportlng neck to tJw top. Subsldtdq l rprthents. show 
cormction for ruppottiw n8eL 4  w plutonim 



kERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN 

Unreflected Soheres of Aauaa~s Solutions with added Lithium 

References 4 

Fissile Solutions: Plutonium (b-2 wt 5 Pu240) di ssolved iii excess aqueous nitric acid. 

Spheres t 

DENSITY 
OF 

SOLUTION 
(ww) 

T SOLUTION OONCENTRATION T 

Lithium added as lithium nitrate. 

Small amounts of iron contamination also present. Where duplicate samples of the same solution are analysed the 
higher iron concentration is the more reliable. 

0*050 in. thick Type 347 stainLess steel clad in O-020 in. thick cadmium; 2 in. OD solution feed pipe attached 
to bottom and a supporting neck to top. Subsidiary experiments show correct!** for supporting neck 45 gm 
phtonium. 

Plutonium 
(grP/litre) 

Hydrogen Total Nitrate 
Ion Ht Ion 

(gm ion/litre) (gdlitre) 

25 047 

25e98 

1 l 45 116.5 

I*74 132.6 

27.00 

28428 

28*54 

29.83 
30.43 

. 29.06 

1.74 

144 

103~0 

132.7 

1.37 13292 

1.69 14b4 

. 1@49 13442 
I@47 1314 

Lithium Iron 
(gdlitre) (grr)/litre) 

0.223 

0.223 

00 528 

00 528 

0480 

O&O 

043 

048 

048 

0@0407 

0.165 

0.0361 

Od54 

0.0392 

0.133 

oa435 

oa92 

0*208 

. 

w U 

ATOMIC 
RATIO 

T DELAYED CRITICAL PARAMETERS 

Diameter Volume 
(in.) (litres) 

18 
(nominal) 

49.0 

Pu 
-Mass 
( kgm) 

Samples 
of the 
same 
solution 

1 

Samples 
of the 
same 
salution 

t 

Samples 
of the 
same 
solution 

Samples 
of the 
same 
solution 



EXF’ERIME!‘4TAt RESULTS FOR SINGLE PuGORES MODERATED i3Y HYDROGEN 

Table 6.1 

Spheres of Aqueous Solutions with Water Reflector - Unpoisoned 

SPHERE 
WALL- 

THIaNESS 

P” 24cr 
Content 

of 
Plutonium 

WP 1 

0*049 in. 4-6 

0.089 in. 

0*125 in. 

0.304 in. 

0~089 in. 

Fissile Solutionst Plutonium dissolved in excess aqueous nitric acid. 
Certain of the solutions were contaminated with 
small, quantities of iron. 

Spheres: Stainless Steel. 

Reflectors Effectively infinite thickness. 

Specific 
Gravity 

of 
Solution 

1.591 a 

l-585 a 

1*5l7 a 

l-492 a 

la469 a 

19469 a 

19458 a 

1-448 a 

I.429 b 

l-395 b 

w-47 b 

l-337 b 

1.293 b 

l*z70 b 

lm2b 

Plutonium 
:9n)/litre) 

431 a 

378 a 

310 a 

295 a 

275 a 

275 a 

281 a 

278 = 

210 b 

183 b 

169 b 

140 p 

132 b' 

119 b 

118 b 

Solution Concentration 

Hydrogen 
ION H+ 

(gm ion/l i tre) 

1.76 a 

l-37 a 

046 a 

oa78 a 

0.76 a 

0.76 a 

0@74 a 

o-98 a 

2-B b 

2.6 b 

2.3 b 

2.2 b 

2.3 b 

2.0 b 

2.05 b 

Total 
Nitrate ION 

NO; 
b!mtre) 

379 a 

386 a 

319 a 

303 a 

293 a 

293 a 

290a 

286 a 

378 b 

354 b 

312 b 

284 b 

281 b 

245 b 

250b 

Water 
(gm/litre) 

763 a 

784 a 

823 a 

850 a 

863 a 

863 a 

879 a 

8& a 

809 b 

855 b 

861 b 

882 b 

875 b 

W8 b 

903 b 

Iron 
(gm/litre) 

H/Pu 
Atomic 
Ratio 

47.97 

55-92 

71*14 

71-12 

83*96 

83.96 

83.67 

82.96 

lO5.5 

1m4 

13895 

171-o 

180-l 

206m6 

m7.3 

DELAYED CRITICAL CORE 
P 

Diameter 
(in.) 

d 

C 

C 

C 

c 

C 

- a 

C 

a 

a 

C 

- c 

- c 

C 

*- C 

blMETERS 

Volume 
(litres) 

139751 c 

13=50 c 

13-05 c 

12-96 ’ 

12.85 ’ 

13-w c 

13*11 c 

13951 c 

13.44 c 

13.27 c 

13.10 -C 

12.97 c 

12*97 

12-93 

13.12 ’ 

Pu 
Mass 
(kg4 

5-93 c 

5910 c 

4*05 c 

3*82 c 

3-53 c 

3.60 c 

3.68 c 

3*76 d s 

2-61 c 

2.43 c 

2.21 c 

1.82 ’ 

1971 c 

I.54 c 

I@55 c 

REFERENCE: 

-- 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

5 

5 



-6s of Auueous Sohtions with Water RefZector - Uncdsoned 

DELAYED CRITICAL ORE 

lo 1 umc 
litrcs) 

W26 $ 

13*&I c 

12.33 ’ 
12.99 c 
13-70 c 

245 ’ 
2-69 ’ 
2*77 = 

2.85 c 

PUN0 
Contwit 

of 
Plutonhm 

(4 

SPHERE 
IALL- 

ni1aNEss 

0.125 in. 

O*pd in. 

0449 in. 

0*36d 

0449 in. 

Solutlbn Concontratlon Specific 
Grrui ty 

of 
Sdutlon 

1*m b 

1979 b 

1484 b 

1.219 b 

145 b 

145 b 

146 b 

1440 b 

1*135 
b 

14% b 

14m b 

1.2695 

1412 

1496 

8 - 

1 l w2e 

14482 

l4316 

l*l)ob 

REFERENCE5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Di ame te 
(in. 1 

- c 

C 

C 

a c 

C 

C e 

c 

C 

c a 

- c 

12*0 
nominal] 

Hydrogen Total 

Ion H+ Ni trrte Ion 
:gI lWlitr4 

Iron 
(grq/litre) 

Water 
(gq/lttre) 

905 b 

m3 b 

957 b 

919 b 

916 b 

967 ‘b 

967 b 

963 b 

947 b 

953 b 

953 b 

822m7 

ll9 b 

120 b 

loV6 b 

96 b 

98 b 

93.5 b 

St*0 b 

794 b 

76a2 b 

73*0 b 

54 b 

2.01 b 269 b 

2Q5 b 252 b 

oa b 143 b 

I*67 b a3 b 

145 b a5 b 

0.38 b ! Us3 b 

o-86 b 1 I 141 b 

P5a9 

20398 

25lb5 

258-3 

252.2 

275-5 

Jot3 -0 

322.9 

331e8 

US-9 

473*0 

0.31 b I 102 b 
8 

o-61 b I 117 b 

045 b 

i 

i 

8fBb 

193b ; 121 b 
; 

0*2Y7 

0.218 

o-190 

0*1od 

-0~184 e 

0499 e 

0.286 l 

OGm ’ 

0472 

0476 

0=199 

a 

- l 

- l 

m l 

- e 

- 

* 

e 

b72 359 

I 

322 

-  

I 270 

3.12 

1 -8 

i I 
I 237 l 
1 
I - 

8 
I : an= 
! 
. 163 
I 

1M 

139. 



Iable 6.3 (Cbnt'dl 

( h-res of eous 

SPHERE 
UALL- 

THICKNESS 

O-050 in.d 

b 

b 

O-050 in.d 

pu a40 

Content 
of 

Plutonium 
(WW 

l-76 

3gl2 

o-54 

Specific 
Grad ty 

of 
Solution 

PLutorriun 
(gqOitrc) 

lam6 X*81 

1*1012 

WI858 

1 *o&348 

34*59 

34.06 

3Pl7 

1*1905 4x4 

Vl910 WI2 

I+48 41-10 

1*1547 40*69 

14n9 38-83 

1*1107 3Sll 

Vl106 3749 

1*1106 3741 

r-0910 36-27 

14321 28*63 

r*r)oo 28.50 

l*lOB 27-91 

14040 a-39 

la869 26*77 

I-0695 26-69 

l-0692 a+33 

14858 26.23 

190885 

ORE 
I 

Solution Concentrrtipn 

Hydrogen 
Ion H+ 

:gm iorJ 1 i tre) 

l-46 

3*71 

3*63 

2.90 

2.90 

2-01 

la67 

l*U 

l-66 

1*15 

Total 
Ji trate Ion 

m; 
(gaql! trc) 

116-o 

117-O 

87-l 

84-2 

269 

270 

205 

205 

156 

128 

132 

125 

93-l 

188 

187 

138 

137 

107 

78.3 

77.3 

107 

Water 
(gm/litre) 

Iron 
(gq/litre) 

940*1 o- 121 

939*8 

955.6 

96294 

0*113 

o* 12d . 

0.123 

i365*2 

868-3 

908.6 

906*2 

926.7 

O-269 

0.262 

o-266 

0.248 
I 

o-141 ' - 

I 0~110 - 
I 

O-095 - 

942*5 

955.1 
-- 

9l5*0 

O*l28 - 

O=ll4 

o-165 

91488 o-163 

936-6 040 

945-O 0.152 

955.5 0*147 

967.2 00 146 

%P& Odd3 

w-9 00 150 

939.4 oa92 

T 
I DELAYED CRITICAL CDRE 

H/Pu 
Atomic Diameter 

Ratio on* 1 

13-O 
(nominal ) 

Volume 
[litres: 

18.94 

Pu 
Mass 
(kg4 

O-654 

0.656 

O-&O 

O-631 

O-846 

O-83: 

pm7 

0,773 

0*727 

Oe712 

O-716 

0.669 

O-654 

O-666 

0471 

0448 

o&7 

o-631 

3-m 

3425 

3422 

T 
REFERENCES 

4 

4 

4 

4 

4 

4 

4. 

4 

4 

4 

4 

4 

4 

4 

. 
4 

4 

4 

4 

4 

c 

4 

4 



JabIe 6.1 (Cont’dJ 

Spheres of Aqueous Solutions with Water Reflector - Unpolsoned 

SPHERE 
WALL- 
I IOCNESS 

p u  240 

Content 
of 

Plutonium 
wz 1 

3*12 

3-43 

d-05 

Spscif ic 
Gravity 

of 
Solution 

1*0885 

1.2508 

VW93  

lanl 

la60 

l*lOtn 

la0918 

1  a093 1 

190914 

PO769 

l-0923' 

1~0916e 

l-0925 

- e  

1  +24m8 

I.2172 

- 

l+Qii 

1 .15%’ 

l 

14117 

e 

27*92 

39962 

35*82 

35*53 

31m 

30.33 

3O*15 

29-74 

29.61 

28.78 

29*75= 

29*55e 

is-60 

C149e 

w12= 

. 3w2 

neec 

36e38 

34d 

33*81* 

Solution Concentration 

Hydrogen 
Ion Ht 

gm ion/l i tre) 

l-d2 

5-75 

499 

6.32 

2% 

1.92 

l* 39 

l-51 

140 

l-02 

146e 

14be 

l-51 

- l 

54Q’ 

546 

- 

A9 

2-92' 

l 

140 

2 

- 

Total 
litrate Ion 

W  
:geo/Litre) 

110 

408 

308 

311 

208 

143 

109 

115 

110 

87-4 

111 e 

112 e 

111 

l 

w-98 

335~2 . 

334 

2724 

210.7' 

8  - 

1&S 

l 

Wat8r 
(ga/lltre) 

9384 

799*7 

8u7 

852*4 

898.6 

925*4 

rjb8 

94w4 

948*2 

957*7 

944*7e 

9:74 

948-3 

e 

811-9' 

8334 

1 ron 
(p’mtra) 

O-096 

O* 147 

O*lU 

O-146 

O~lP 

0*113 

OS?9 

0413 

o-127 

O*llO 

o*129e 

o* we 

00 142 

o*M8 

0*12c 

0426 

045 

0~104 

0*09f 

0=100’ 

0,006 

oa83c 

H/F- 
Atomic 
Ratio 

DELAYED CRITICAL CXIRE 
PARAMETERS 

I 
I 

- ! 

I 

- I 
- i 

I 
e  I I I 

_  1  
i 

-0 ! 
i -8 i I I 

Diameter Vo 1 uoe 

on4 (litres 

, 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4  

4  

4  

4  

4  

4  

4  

4  

4  

4  

4  



1 
, 

r 

m
 

Cd 
C

 
8 

0, 
c 

0 
0 

0 
0 

0 



Table 6.3 (Cont’a 

am I DELAYED (3RITICAI. CORE PARAMETERS I 

SPHERE Solution Cmccntratlon 

NALL- 
TH1cx.l lEss 

O-160 in. 

O-044 in. 

Oa124 in. 

O-160 in. 

OeOU in. 

O-050 in. d 

Grrvi ty 
of 

Solution Plutoniu 
(gqottro) 

l-194 b 

l-199 b 

1.196 b 

1426 b 

l-121 b 

,424 b 

l-121 b 

1.121 b 

l-123 b 

I 
I I I 

Hydrqpen 
T-- I water Iron 

(dlltre) 

I I 

(&lItrc) 

44 b  

d-13 b 

L-06 b 

2*01 b 

2*08 b 

26 b 

249 b 

2=og b 

2.07 b 

311 b*g 

29s bt9 

292 btg 

136 btg 

165 btg 

163 bSg 

165 btg 

165 btg 

163 btg 

845 b  

857 b  

854 b  

9u b  

926 b  

930 b  

916 b 

916 b 

9x, b 

1 l lLog 27.05 347 212 900-T o-096 

14068 25903 2*08 143 9270 1 0-W 

I*0899 25* lo 140 116 94665 oa2 

1 l -99 25-02 140 116 947-o 0484 

Diuactcr 
(in4 

-h 
h 

h 

h 

h 

h 

h 

h e 

h 

15-S 
(nominal) 

Volume 
( 1 i tras) 

I 

23=7 h 

23*3 h 

23-3 h 

L1*37 h 

22ej7 h 

2242 h 

22.99 n 

234 h 

22-96 h  
1  

Pu REFERENCES 

MISS 9 kid 

0=92 h  

O-92 h  

o-89 h  

0.78 h  

0.78 h  

o-77 h  

7 

7 

a. Plutonitxn said to be partly In hexrvrlent form PuO,(NO,)r and partly in tetravalent fom pU(NO& 

b. PLutonium said to be In totravalcnt form Pu(No& 
c. These experiments were performed in 1  sphere of fixed volm 12+5 litro and with supporting necks attached to top and bottom (see Figure 6.1). The 

critical parameter of larger systems are estimated by extrrpol8tlon of reciprocal sultiplication curves. No correction is appl ied for the change in 
geometry which would be required to contain the extrapolated volume. Sinllrtly no correction to complete sphere geometry is made for systems which are 
critical below 12.95 litres. Subsidiary experimntr show correction for supporting necks 1s within the uncertainty of the experiments 

d. Type 347 stainless steel sphere with 3 in. 0.0. solution feed pipe attached to the bottom and supporting neck to the top. Subsidiary experiments show 
correction for supporting neck = 5 gm plutonlun 

a* hplicatr samples of the same fisrlle rolutlon 

f. 20 gauge typo 2s rlufnlniu rphrc 

go gm per Utre 

These l xpariwnts were performed in a sphere of f ixed volume 23.22 lttrss and with supporting necks attached to top l nd bottom (see Figure 6.1). The 
critlcrl‘prrrratcrr of iarger systems a& estimated by extrapolation of reciprocal uitlplic;tlon curves. No correction Is appl ied f& the change in 
geometry which would be required to contain the extrapolated volume. Similarly no correction to co8plete sphere geometry is made for systems which are 
critical below 2342 litres. Subsidiary l rporlunts show corroctlon for vessel neck is within the uncertainty of the experiments 



EXPGUMENTAL RESULTS FQR SINGLE Pu CORES MODERATED BY HYDROGEN 

Table 6.4 

Spheres-of Aqueous Solutions with WatGr Reflector - Cadmium Clad 

References 7 

Fissile Solutions Plutonium (4.6 wt % Puzio ), dissolved in excess aqueous nitric acid; said to 
be in the tetravalent form Pu(No& 

Spheres: 0~044 in. thick stainless steel clad in 0.03 in. thick cadmium. 

Ref let tort Effectively infinite thickness. 
These experiments were performed in a single sphere of fix& volume 23.22 litres. 

systems are estimated by extrapolation of reciprocal multiplication curves. 
The critical parameters of larger 

No correction is applied for the change in 
geometry which would be required to contain the extrapolated volume. Similarly, 
is made for systems which are critical below 23-22 litres. 

no correction to complete sphere geometry 

SPECIFIC 
GRAVITY 

OF 
SOLUTION 

1.242 

l*2U 

lQ4Q 

ld5l 

1.148 

14u 

lea 

I*123 

1.126 

CORE 

Plutonium 

70.4 

70.1 

69b4 

60.2 

56-7 

55.0 

50.1 

Jo@2 

46e9 

Solution Concentration (gm/li tre) 

Hydrogen Total Nitrate 
Ion Ion 

H+ NO3 

3.32 279 

3*47 290 

3@74 304 

1.35 147 

1 l z7 137 

1949 150 

1*39 P38 

199 139 

1 l 41 136 

Water 

H/P u 
Atomic 
Ratio 

888 34&l 

883 344.2 

858 3414 

946 422.5 

957 453.4 

942 46ld 

932 50@4 

938 502*6 

947 543a2 

T 
T DELAYED CRITICAL CoRE PARAMETERS 

Diameter Vo lume 
(litres) 

Pu 
Mass 
09) 

22.77 1*61 

22% 1661 

23.10 140 

21.88 1.32 

22.02 1.25 

22.28 1.23 

2247 144 

22.91 1.15 

23.25 1909 



EXPERIMENTAL RESULTS FOR SiNGLE Pu -&ES MODERATED BY HYDROGEN 

aheres of Aauews Solutiw withpater Reflector - with Added Lithium or Bismuth 

Reference: 4 
Fissile Solutions8 Plutonium dissolved in excess aqueous nitric acid 

Lithium addbd as lithium nitrate and bismuth as bismuth nitrate 
Small amounts of iron contamination also present 

Spheres t 0.05 in. thick Type %!? stainless steel) $ in. O.D. solution 
feed pipe attached to bottom and a supportiw neck to top. 
Subsidiary experiments show correction for supporting neck 
dg.m. plutonium 

Reflector8 Effectively infinite thickness 

OORE DELAYED CMTICAL CORE PARAMETERS . -I 
h24O 

Density ,~ Solution Concentration 
Content T . 

of ’ VW Pu REMARKS 
of Solution Plutonium Hydrogen Total Nitrate Water Lf thium or Iron Atomic Diameter Vo 1 ume 

Plutonium Ion H+ Ion NO5 
(wt s) (9+4 (9VliW (gm ior)/litre) (grrJlitre) (gq/litre) ($yY:b,) (gnjlitre) Ratio 

(in4 (Litres) 7;::) 1 . 
I . 

Solutions Poisoned with Lithium 

3.43 1 l GWI 31*19 1 a49 118 946a 1 0406 0.157 0 14.0 23d4 1 Oa736 I 
(nominal) 

Samples of 
the same 

bo966 31-Z le49 117*6 943.3 0.206 o* 187 0 oe742 solution 

lem4 3146 I*50 119 94462 0.235 0.151 0 O&749 Samples of 
the same 

0 

14m8 
I*1030 

blot36 
0 

1*1%3 
bl566 

30*8d 0 

32.82 1 l 53 
33.9; 1.54 

32.40 0 
34.70 13 
34.39 0 

39@94 Iesb 
4b34 2=77 

0 

122 
125 

0 
131 

147 
206 

0 0 od65 0 

943*9' Ob 362 0.147 0 
943a8 O&l 0.154 0 

0 0 0 0 
9m4 O&l 0*168 0 

0 0 0461 0 

921.5 1.31 0.162 0 
9004 bl7 Oe192 0 

0.730 solution 

- om5 
0.799 Samples of 

the same 
Oa763 solution 
Oe820 
Oe813 

0*944 
be973 Samples of 

the same 
0 

Id599 
4@99 
62*98 

0 

2-75 89; l 2 

0 

103e3 
00 259 

0.188 
oe964 solution 
PO12 Samples of 

the saw 



Table 6.3 (Cont’d) 

!jPhwf Aaueous Solutions with Water Reflector - with Added Lithium or Bismuth 

m 

CORE DELAYED CRITICAL C3RE PARAMETERS 

P”240 Density Solution Concentration 
Content 4i w U 

of of 

Plutonium Solution Plutonium Hydrogen Total Nitrate Water Lithium or Iron Atomic 

bt %I ~wic4 (gnjlitre) 
Ion Ht Ion NOj 

(gm iovlitre) (gn)/litre) (gnJlitre) Bismuth (gn)/litre) Ratio 
(gdlitre) 

. 

Solutions Poisoned with Bismuth 

3.12 . 

1.1753 31*05 142 
1.2245 32.22 b54 

l-2854 33.46 2@37 

33*36 
35 a75 
37437 

20 33 
292 

2.3 

153 

154 
187 

220 

227 

315 

260 

932.1 49e8 0*139 

894.4 121.6 

856~7a 196.7 

838m9a 241~0 

a, Questionable values due to interference of bismuth in the analysis 

14*0 
(nominal) 

23.64 0.739 

49.8 0.159 0.735 

83.65 o* 141 0.763 

121 l 6 0442 0*792 

0*160 

0.169 

0.230 

0.790 

0d46 

0*880 

I 
I 

Diameter 
(in.) 1 (YY:YiZ) 1 $s) ) REMARKS 

Samples of 
the same 
solution 

Samples of 
the same 
solution 



EXPERIMENTAL RESULTS FOR SXNGLE Pu CORES MODERATED i3Y HYDROGl iN 

Sphere!, of Ameous Solutions with Paraffin Reflector 

Firrile Solution: Plutonium (6.6 wt $ P!J”~ ) dissolved in excess aqueous nitric 
acid; said to be in the tetravaient form Pu(Noy)4 

Spheres: Stainless steel q supporting necks attached to top and 
bottom (see Figure 6.1). 

These experiments were perfomed in a single sphere of fixed volume 23*22 litres. 
systems are estimated by extrapolation of reciprccal mu1 tip1 ication c:lrves. 

The critical parameters of larger 

In geometry which would be required to contain the extrapolated volume. 
No correction is applied for the change 

is made for syrtemr which are critical below 23*22 litres. 
Similarly no correction to complete geometry 

CORE 

SPHERE 
WALL- Specific Solution Concentration (f&l i tre) REFLECTOR 

THICWESS H/Pu THICXNESS 
Grrvi ty Hydrogen Total Nitrate Atomic 

of Plutonium Ion H+ Ion Mlj Water Ratio 
Solution i 

I I 
0*044 in. f 1.475 1 2P.6 1 3-83 1 461 l o 

I 
798~0 

I 
loo-2 1 

0.5 in. 

220 

a 244 5*268 2, 3 

- 24.0 546 3. 9 

- 24*9 5*48 3, 9 

e 24 D O  5.268 2, 3 

- 26.2 4*627 2, 3 

22-o 3*9P 2, 3 

23.6 3.884 2, 3 

- 23.0 3-77 2. 3 

e 22’*0 2.14 3, 9 

m 23.S 2-272 2, 3 

; - I 22*!5 13% 1 2, 3 

736 9384 I-T-T 8CO*O 110*5 

801 l o 116.0 

552 

459.0 

485 l o 

a 

I 
1407 l70*2 4.16 43995 776.5 121 l 3 

1405 16b6 3*88 433-o 839*4 141 l o 

199 l&O 3 l 92 400~0 790.0 133-6 

19282 974 3*7O 312 845 239=1 

I I*297 I %*7 I 4*35 I 353-O I 832*0 239.1 

?a* 

22a.9 

233* 

233* 

230* 
221 

219 

219 

150*1 
3 

1334 

me 

5*21 

5*31 

5.55 

5*55 

5.62 

531 l o 745 00 w3 1~0 in. 

551 l o 742 l o 914 

527.0 73&O 89-0 

527.0 73aeo 8943 

560 l o 735*0 XI.7 

540 729 88@8 

Mb 731 9395 C 

501b 731 9395 d 

L76.0 764 00 143.2 

552*0 72b0 155*9 

5O2*0 7464 161 l 9 

402*0 774*0 17Od 

482.0 774 l o 170*8 

514.0 7504 168.3 

514-O 750.0 168@3 

%I*0 750.0 we3 

500-O 750*0 169.3 

547 

5.29 

2. 3 

2. 3 

22*0 5.06 

23.2 5 -08 

23.1 5906 

21 l 0 3*27 

23.0 3.07 

22*6 2.91 

22-7 2.92 

- 

22*8 2993 2. 3 

- 22b9 2.92 2, 3' 

- U-6 2*08 2. 3 I 

m 22.2 

I - 
/ 



Table 6.4 (Cont’di 

@here, of Auueous Sol~,tions with Paraffin Reflectox 

CXIRE 
DELAYED ~ITICAL me  

L I. L 
SPHERE 

P W  , 

WALL- Spociflc Soiutlon Concentration (ga/litrcQ REFLECrOR 
, H/Pu TWO(NESS RmEmcm 

TIII~NESS Grrvlty ’ 
Of Hydroqm Total Nitrate later 

Atomic 0irmt.r Voluw MIS@ 

Solution Plu toniua Ion H+ Ion Nc)j 
Ratio 

(1itr.s) (IL*) 

<I I 

O*oW in. 14lO 12694 6-27 512.0 743.0 167a8 e 22.6 2d6 5) 

1922 854 6* 18 L59*0 766 l o 256.3 22.8 l@% 53 

1*206 53d 3-8 2% 851 63799 a 22.2 149 3, 9 
I 

ae 5 in. dtb. roction of reflector moved f in. sway from core 

b. UnrelLrblo vrluoa 

C* 10 In. dir. top metion of reflector removed 

d. 10 in. dir. aido roction of rofloctor removed 

00 Sphoro neck meltup rdjrcent to apher!, 

185 



EXPERIMENTAL RESULTS FOR SINGLE Pu a3RES MODERATED BY HYLXIOGEN 

Table 6.7 

Spheres of AQueous Solutions with Concrete Reflectoc 
(Includes cadmium shielded systems) 

Fisrila Solution: Plutonium (4=6 rt $ Pu’~‘) di ssolved in excess aqueous nitric acid, said to be in the tetravalent form, 
pubJh) 4* 

Spheres : 0-W in. thick stainless steel. 

These experiments were performed in a single sphere of fixed volume 23*22 litres. The critical parameters-of larger systems are estimated by extrapolation of reciprocal 
multiplication curves. No correction is applied for the change in geometry which would be required to contain the extrapolated volume. Similarly no correction to complete 
sphere geometry is made for systems which are critical below 23-22 litres. 

SPHERE 
WALL- 

I-HICKNESS 
Specific 
Gravity 

of 
Solution Plutonium 

(9rdlitre) 

Hydrogen 
Ion H 

(gm ion/litre) 

-- 
Total Hitrate 

Ion M35 
(gd 1 i tre) 

b508 232-0 4-86 5;o 

l-201 50-9 3*88 a: 

l-201 Jo-9 3d38 294 

1.258 46.9 5.62 416 

l-258 46*9 5-62 

l-252 46-4 5-62 

1452 46-4 5-62 

1.258 46.9 5-62 

lGX8 43-7 546 

l-150 36-5 2-78 

1 d46 36-3 2=94 

l-093 32.9 1.17 

19093 32*9 l-17 

1*093 32e7 1*08 

1 Gil 32*6 la20 

416 

404 

404 

416 

410 

213-o 

218-O 

118 

118 

llt3 

120 
-- 

CORE 

Solution Concentration 

Water 
(gnjlitre: 

-- 

73d 

a49 

849 

788 

788 

804 

804 

902 00 

i lW*O 

949 

949 

947 

9u 

T 
Ypu 

Atomic 
Ratio 

Ceometly Tnickness 
(in.) 

Diameter Jcr 1 me 
(li tres) 

Pu 
Mass 
( k9m) 

21.6 a 

22-7 a 

22-6 a 

22-8 

-- 

5-01 a 

l-16 a 

l-15 a 

1.07 ' 

399 

399 

3,9 

3,9 

23.0 

2392 

23-2 

l-08 

1 l ck3 

l-08 

3,9 

38 

3,9 

474.7 23.2 la 3,9 

52r*s 23-6 l-03 3,9 

673*2 

665-a 

774.2 

774.2 

776-7 

779-l 

22 09 

22e6 

22 -9 

22-9 

23d 

22a9 
-- 

0.84 2.3 

0.82 2,3 

o-75 389 

o-75 3,9 

o-75 3,9 

O-75 3,9 

REFLECTOR 

- 
I DELAYED CRITICAL CDRE PARAMETERS 

-- 

REFERENCES 



es of Aaucous Solutions with Con 

MLAYED aITfcAL aRE PARAMETERS 
I 

SPtERE 
WALL- 

THIWdESS 

Solution Cmcentr8tion 
Specific 
Grrvlty 

of 
Solution Rr t8r 

(glqlitrr) 

Thickness 
(ino) 

6 

10 

Diameter Volume 
(Aitrer) 

22*23 

22927 

22938 

2&Y? 

22e-m 

22*37 

23a 

23.20 

22.52 

220% 

23.25 

22.07 

23*oe 

Geometry WTPn 
Ion tf+ 

(gm ioqmtre) 

Total Nitrate 
Ion Noj 

(grdlltrr) 

PLutonim 
(9=w-) 

118 O*CU in. 212.8 Headsphere 4 in. air- 
gap between core and . 
reflector 

927 

115 

106 

92*8 

-3 

14u5 

149 

81-7 

73*4 

69-O 

67-9 

fib2 

52.1 

49-6 

524 

43 

47*9 

444 

4393 

co-5 

M-4 

1.72 

0+X in. I*259 

l-250 

1*170 

1.163 

1.172 

045 Sphere 4 in. air-gap 
between core and 
raf loctor 

3% 

214 
197 

193 

183 

136 

450 

447 

45 

315 

315 

4?5d 

53090 

1457 

MC7 

16281 

IQ79 

l-286 

1*214 

14% 

Hen1 sphere 146 

1408 

0*044 in. 

On044 In. 

247 

2.05 

76 

76 

76 
. 

76 

76 



SPHERE 
WALL- 

THIcmESS 

dts cadmirar rwtd s 

I 

Specific 
Gravity I 

of Phtonium Hydro en 
SoLutlon ! 

Total Nl tratt Mater 
klqfl~W 

1on.H Ion NO; 
(gm ioqllitrt) (dlitrt) (gqOltrt) 

%*8 442 312 

36.5 43 309 

33m3 141 119 

32*8 141 120 

31.5 1.a) 121 

30.0 147 123 

Solution Concentration 

040 

864 

944 

938 

935 

933 

WJ WJ 
Atomic Atomic - 

- Ratio 
Ratio Geometry Geometry 

. . 

Thickness Thickness 
(in.) (in.) 

! ! I I 
7 I 

6404 6404 

657 l 0 657 l 0 

7604 7604 

767-2 767-2 

796*2 796*2 

0344 0344 
I I 

T DELAYED ICRITICAL OORE PARAMETERS 

Di meter Vo 1 me 
(litres) 

Pu 
Mass 
(kd 

-7 REFERENCES 

i 

/ I 
I 

a. Sphere clad in 0.03 in. thick cadmilaa 



EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY IIYDROGEN 

Table 6.8 

Unreflected Cvlinders of Aaueous Solutions 

Reference: 10 
Fissilt Solutiont Plutonium dissolved in excess aqueous nitric acid; said to 

be in the tetravalent form, except for solutions containing 
> 150 gd 1 itre plutonium where up to 25% of the plutonium 
may be in the hexavalent form PuO&40~)~ 

Cylinders8 18-8-l Stainless Steel; see also Figure 6.2 

SOLUTION CONCENTRATION DELAYED aXT1CA.L PARAMETERS 
SPECIFIC r , q/Pu f 

GRAVITY OF ATOMIC Height 
SOLUTION Plutonilm Total Nitrate a RATIO 

(gn)/litre) 
Ion K)3 Diameter Height 

(in4 (cm) / 
v01lJmt Pu Mw8 

(gm moL./litre) Diameter 

Plutonium Containina 4.88 wt% Pu’- 

le317 165 4*02 151 28+ 0 - 

1.253 133 3.25 1s 28al - - - 

1.182 91.4 2*37 280 28.0 - - e 

bl53 73*5 2.01 351 28.7 - 0 - 

la125 a4 la61 429 3Oa2 - 0 0 

leago 43*3 1 l 21 602 34.9 - - 0 

blab 5oa7 wo 514 17.9 2b95 - - d * 

la78 35.1 1.05 746 24.4 - I) * 

la61 26.9 0.86 975 27.65 - - 0 

l*W 2bO 0.74 1219 34@05 - - - 

1.044 17@3 048 1396 41.25 - - 0 
1 

PlutoniumContainim 13 . 74% Pu 340 b 

ldO& 114 2.45 197. 37*9s - - - 

1 l 156 8O*2 la87 286 38.26' - - - . 

1.132 65.6 140 352 4@25 - 0 * 

1*120 58,6 14 395 42*02 - 0 - 

b392 215*5 5.03 95.9 1?*9 27.3 0 0 0 

1 a323 174*5 4*17 la 35@84 - 0 0 

1*250 135 3@3 161 zt.86 - - - 

1495 102.5 2.59 218 24.3 - 0 0 

1.141 73eo 1.92 310 s54 - 0 - 

1.098 53.5 148 425 25.65 - 0 - 

1@090 43~6 1.27 517 27.7 - - - 

l&5 284 1 l 03 811 36.4 - - - 

1 l os3 22 0.85 1461 52.0 0 - 0 
1 b I A 1 . 

8. An8lytictl result8 amended to give a reasonable fit with the recorded history of solutions ?mN~~” 
tion 



EDERIMENTAL IIESATS Fa SI?uE Pu ODAES KloalAfED BY HYmam 

Fl~olAo Solut lmm Plutoniu dl8aolvad In l ICOSB rguaoua nitric acid 
Cartah of the soiutlons HI* contwinatd mitb til 
~rntttlos of hm 

cylldorr~ Stainlore Stael 

aoflectota Effoctlvdy infhito thkknaa (orcopt aore shun tn Table) 

7 T ELAYED urncAL am 0-m 

Volme RJ mass 
(lltres) (w) 

T 15&F l-212 c 

12a25 1.337 

-T- 
1240 l-249 

13*26 1*128 

14.52 1933 
1644 l-011 

18-29 O-997 

T 

12*78 0*909 

12.53 0464 
13.79 0-w 

.16*56 046 

16-'y, o&3 

2146 04?zI 
15*&P 0*656* 

17d 04151° 

T spocll lc 

Gsrvl  ty 
Of 

solutlon 

REFLrnrn 
THICJCNLS 

f 

P”‘+o 
Content 

Of 

Plutonlur 
C-6) 

Solutlon Concontrrtlon Nh 
Atomic 
Rat10 

- 

Holght 
(4 

11*76 

124s 

12*73 

13% 

15878 

17*55 

9*93 

9.74 

10-73 

12*87 

1242 

16.44 

1048* 

lli?9' 

Dl motor 
Plutonium 
(g4/11 tto) 

77-u) 

Hydrogen 
ton H' 

[* 10~11 tro) 

1.d 

Total N1 trrto 
Ion ?0’; 

(a/I1 tro) 

1.135 

l-2110 1090 16 l-68d 

152 d 

166 d 

1*19w 9949 19 136-5 

l-1859 850 14 1*29d 151 d 

l-1592 73*92 1*7sd 125-6’ 

l*lUl 61-49 1.3Ld 134 d 
1*13zI 54*53 l*36d 119-e* 

la175 1 41d 152 d 

1465 

1*146 

l-130 

1.133 

1~110 

1 l 4ld 152 d 
1 l 52d 146 d 

1 .63d 111 d 

1 l 6f 142 d 

l-‘lOd 138 d 

191329 

l*lP2 

5443 

47*21 

1.36 

1*3S 

12) 

117 

matot 
(&11tro) 

Iron 
(&lltro) 

0444 

-- 

0*395 

O*f78 

0*321 

o-231 

0*X3 

0~253 

O&A 

0*3n 

0*269 

0.263 

0*2&l 

Oe172 

d411n.b Efktlwly 
Inflnlto 

Eff.ctlvely~ 
Infinlto 

a 

a 

a 

a 

Ef f.ctlwly’ 
tnflnlto 

4  

3-01n.b 2-85 

10&n. b  

l l~Oin.b 

b 

2*85 

if foctlv~lya 
:nfinl to 

a 

2*65 

2.65 



m Dble &9 tCont Q 

OOEIE DELAYED CRITICAL CCStE PMUMUES I . 

Pu- Solution Concentrrtion REFLECTOR 
Contmt Specific ’ % @ U  THIcKNEss Height 

of Gravity Plutonium Hydrogen’ Tot81 Nitrate A*,Od C Height 

pLutOnfum So&on 
Ion tf+ 

(dlitro) (9pI ion/litro) 
IOn K), nrtm It0n Diameter 

bh-4 
(gqmtr8) (&lit-) *Iti (a) d (fez, “;kz’ 

(4) 
I 7 I I I 1 I I I r. I I I I r . 

t-202 

l-I&S 

t-110 

t -a022 

t-Q99 

t-Q9u 

t-t483 

t-1360 

t.2110 

t-1260 

t*ttsi 

t-w77 

t-)028 

0 

- 

I : I 

47*2t 

4t -73 

39.10 

36-m 

33-x 

)0-m 

63-99 

40-98 

t-38 
2-n 

t-m 
CL8 
t l 76d 
t-78 

117 

215 

ts 

m* 

137 d 

1% d 

0 o-z75 - l Y 10166 I - 

*  o-255 - a b 12-85 - 

0 0.172 - a b 12-28 - 

o-363 - a b 16-9) - 

O-193 - 8 b 15.57 - 

o-173 - l b M-55 - 

2-9 t-t7 
l-38 

121-t 

09-o 

O-298 - a b 0.98 - 

O-238 - a b 13-22 

164 

30.01 

19-12 

260% 

24-24 

28-80 

13.90 

15.91 

O-784 

O-835 

cl -747 

0-W) 

O-813 

cw339 

O-895 

O-780 

2.9 

m-16 t-6sd 

4a-75 t-27 

42.29 t-36 W-6 

36*52 t-39 1070 t 

3t l t4 t-u tt4-0 

26-45 t.osd 134 d 

6246 

30-63 w3 
20-55 t-73 

t-7) 

b. 
co 
d. 
l o 

f. 

9* 

164 d 
116-3 

I o-395 - a b 6432 - 

o-223 - Effectively’ 124iLb a*80 - 
Infinite 

0 o-i74 - a b 9-94 - 

o-161 - 8a I b 11-21 - 

I 

o-t53 - 
a I b 13-16 - 
8 b 0-m - 17.jo - 

9 ‘in. f 

655 f * * d - - 

f * 0 892 9 0 
1 

12*a 

16-31 

18-42 O-779 

a-n O-758 

24-39 o-759 

32.43 O-858 

3-300 

O-799 

t-1& 

REFERmcEs 

4 

4 

Top reflection provid& by l close-f%tting, 12 in. water-filled ptrton in O-062 in. strinhss steel. Piston penetrated by l straight, f in. dir. central tube and by a ) in. dir. spirit tub0 
Cylinder wall tbickrwsr O-062 in. A solution fad pipe was attached to the ontro bare of each cylinder 
Thh cylinder u88 rubcriticaL by an unknown amount 
E8tiutm bamd on log-book l tsiar 



FiridLe Solutions: Plutoniwa diswived in excess aqueoirs sulphuric acid (free acidity405N). The 
solutions were contaminated with small amounts of4ron 

Cy L inders t 25 cm dia. x ‘JO cm, W;I  11 th i.ckrle*;*j I mdr A 6 m x 8 n-an solution feed pipe was 
attached to the centre base of the cylinder and the top was closed by a cover 
surmounted by two 20 mm did dd we 10 mm dia access tubes. The cylinder, 
including the feed pipe, was wrapped in a layer of blotting papor and then 
enclosed within a close-f!tting aiuminium jacket. A 93~ of I-2 mn then intervened 
between the aiuxainium jacket and tne reflector. 

Reflectorb A parallelepiped of beryllium oxide (.3werage density 2-95 9&c) givin a minim- 
thickness in any drection of 27-5 cm enclosed in a layer of graphite 
denstty 1.65 WCC) fi) cm thick. 

average 
The portion of the reflector Located in the ’ 

upward projection of the tdnk ws a removable plug resting on an ahninium plate 
2 cm thick. 

CORE 1 DELAYED CRITICAL CORE PARAMETERS 
F 7 7 

Pu’+O Soecff ic , SoLutton Concentration Height 
Content of Gravity ’ q/h 

Plutontun Hydrogen Atomic Diameter Height Pu Mars 
Plutonium of Iron 

bt %) Sdution (gqllftre) Ion H+ Ratio ( 1 cm (cm) / (KZ) (9) 
Diameter 1 1 I I 

$?%Fe. 14% Ni. ?7$Cr, 2-%Ab Steel Cvlinda 
I 

1.78 * 32*1X * 25 1849 - 9*174 295.15 

’ 3l*S50 * 19.17 - 9.410 294-l 1 

* 3o*u9 * * l9h12 - 9d7 .293*13 

* 29-684 * 2045 - 9.842 29245 

* 28.995 * ;‘O-485 - 10*055 292*% 

* 28.331 0 20994 - 104379 292*21 

* 27468 * * * 21.43 - 10.519 291 l a . 
* 27-03s * * 

Jn 7lrconium CLlinde< 

21.94 - loan0 29147 I 

b78 * jOa * * 25 18mO - 8d7S 259*70 

I, 28.970 * 19*0 * 8-940 25&99 

0 27.598 * * * 19d56 - 9-347 257 096 

* 274%0 * * * 20-238 - 9*s27 2S7d2 

* 26.650 * * * 2Od19 - 9.659 257dl 

- 2s*971 * * * 21*035 - 9+o2 257.17 

* 25.393 * * 21*52d - lOal 257a28 

. 
* 2s -014 * * 23448 - lOa285 257d7 

* 2&716 * * * 22*126 - roe416 2S7aU 

* 23+91 * * 22.9 * 10*78o 2S8.6 

* 23d11 * * 23.32 - 1 oa977 258.1 

1.06 - 21*71 * * * 26*86 - lb720 2s4*s 

I) 2Oa80 * * 26d75 - 12.310 2S6@2 

* 2Oa36 * * * 26a870 - 12&O 258 
4 A 

a. This reflector is shown by calculation to be equivalent to a 60 cm thick tprylllun oxide reflector, increarirrg 
the critica maes by only 1% relative to the infinite beryllium oxide reflector 

b. Tho Slickness of the cylinder cover and base is different from that of the wallsa 
thickness” of 1+24 mn is evaluated by calculation 

An *effective uniform 
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN 

Table 6.11 

Rectilinear Parallelepipeds of PuOz/Polyethylene Mixture 

Reference: 10 

Fissile Mixture: Pu240 content of plutonium 3.24 wt% 

Specific Gravity - 

Plutonium density 2.88 gm/cc 

Core Temperature: 

Reflector: 

50-65Oc 
Thick polyethylene (density 0.32 gm/cc) 

In these experiments the cores were assembled from ta'blets 
2 in. x 2 in. x 1 in. and submultiples of this size 

DELAYED CRITICAL CORE PARAMETERS 

a 
H/Pu Thickness Thickness Pu 

Atomic Area (in.) 
Volume Mass 

Ratio Jzz hd 

5 l 5 9 in. x 9 in. 4.94 - - 18.9 

56 0 6 in. x 6 in. 11+ - - 194 
; 4L1 

8 in.x 8 in. 5.95 - - la.0 

6 in.x 6 in. 98 l - - 16*7 -. . Y 
7 in.x 7 in. 68 0 - - 15.7 

a. The change in the H/Pu ratio occurs because of the release of hydrogen 
gas by radiolysis of the polyethylene under the a activity of the 
plutonium 
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES WERATED By HYDROGEN 

Table 6.12 

Recwntar Parmotds of PuOtiPoly&~cnc~ Mlxtu 

References8 15, 16 

Flsi c Mixture: Puz4 content of plutonium 2.2 wt S 
Specific Gravity 
Plutonium Density 14 grlqcc 
y/Pu Atomic Ratio 13 
Particle Mesh Size 100 

Reflector Material: 6 in. thick Lucite 

In these experiments the cores were assembled from 2 in. x 2 in. x 2 An. 
and f in. thick tablets were also available for final mass adjustments). 

tablets of the flsslle mixture (a few 1 In. 
All tablets were coated with a thlcknoss 

of about 0401 An. of aluminAurn paint and then with rubberized plastic. 

Each 2 in. cube tablet of fissile mixture generated about O-3 watts of heat IS the result of 0 emlrission. Hence tM 
core temperature was elevated above ambient as shown by the core centre temperatures given in the table. fho core 
surface temperatures were about 3d°C. The temperature coefficients of reactivity for core centre temperatures in 
the range 5%72OC are shown by subsidiary experiments to be 

-0.25 cents,/‘C for the reflected assemblies. 
-3 centd°C for the unreflected assemblies and 

. 

Control and safety rods were of the fuel bearing type, penetrating the core horizontally from opposite directions. 
The safety rod contained 274.5 gm plutonium and penetrated the core to a depth of 8 in., occupying the space 
normally filled by four 2 in. cubes. 
filled by two 2 in. cubes. 

The control rod contained 1274 gm plutonium and occupied the space normally 
Both rods were clad in a O*OSl in. thick steel jacket which fitted a 0*051 in. thick 

steel sleeve contained in the core. 

The cores were assembled on a 12 in. thick, low density aluminium honeycomb table which subsidiary experiments 
showed to be equivalent to about a 047 in. charge in critical thickness for unreflected systems. 

REFLECTOR 
GEOMETRY 

Area 

DELAYED CRITICAL OORE PARAMETERS 

Thickness ?-jgy Volume ML& ten;; Tempemture 

Unref Iacted 12.21 in. x 12.21 In. lib76 in. - - 33.73 60.2 

Al 1 surf aces 9.16 in. x 946 in. 8.52 in.C c C c - - 1248 54* 1 

23.92 in. x 742 In. 6.11 in. - 19.94 51*6 

16.36 in. x 16.28 in. 447 in. - - 19.22 5&i 

fop and bottom surfaces 12.21 in. x 12.21 in. 9.51 in. - - a.13 524 

a. Atomic composition CR 

b Average stack density of plutoniwn 1405 gn)/cc 

C. In this experiment the combined effect of the control and safety rod sleeves and the absence of reflector behind 
the control rod channels was determined to be -10% in critical mass 
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UPPER BASE PLATE 
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FIG.52 (SEE TABLE 521) 
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FIG 5.3 (SEE TABLE 5.37) 



20-M DIA CYLINDER 240IN. DIA CYLINDER 

280IN. OIA CYLINDER 320IN. DIA CYLINDER 

294N. DIA CYLINDER 

310IN. DIA CYLINDER 

FIG 5.4 (SEE TABLE 543) 



400IN. DIA CYLINDER 400IN,OIA CYUND~R 

I . 
I I 

5 O-IN, DIA CYLINDER 

FIG 5.4 -(CON* (SEE TABLE 543) 
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HALF SECTION OF 107Jcm DIAMETER 

PSEUDO - CYLINDER 

FIG 55(SEE TABLE 5.45) 



Figure 6.1 - (See Table 6.1) 



l 042s 

2” “4 OFF MOIAL STIFFENERS ; THICK 

FIG. 6.2 (SEE TABLE 6d 


